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OSCILLOSCOPES 


%  185A  500  MC  Oscilloscope 
kf  187A  Dual  Trace  Amplifier 

Versatile  sampling  oscilloscope  permits  viewing  of  repeti¬ 
tive  millimicrosecond  pulses  with  conventional  scope  con¬ 
venience.  Rise  time  is  less  than  0.7  millimicroseconds.  Full 
10  centimeter  vertical  display  and  high  vertical  amplifier 
sensitivity  permit  pulse  analysis  in  greeter  detail  than  ever 
before  possible.  Built-in  time  and  amplitude  calibrators 
provide  convenient  verification  of  sweep  and  amplitude 
calibrations. 

187A  Dual  Trace  Amplifier  allows  simultaneous  viewing 
of  two  phenomena  and  accurate  time  comparisons.  Wide 
dynamic  range,  calibrated  vertical  attenuators,  sensitivity 
10  mv/cm  to  200  mv/cm,  ±  5%  accuracy.  Sweep  times 
range  from  10  m#jsec/cm  to  100  m/isec/cm;  magnifier  in¬ 
creases  fastest  .sweep  to  0.1  m/isec/cm.  Other  features: 
new-design  high  impedance  probes,  X-Y  recorder  out¬ 
put,  sweep  delay  control,  beam  finder.  ^  185A,  $2,000.00;* 
%  187A,  $1,000.00. 

%  160B  15  MC  Militarized  Oscilloscope 

^  Model  160B  is  a  reliable, 

extra  rugged,  general 
w * Ift purpose  oscilloscope  built 
B  ■*  31  ^  standards.  In  ad- 

^  ^  ^  ^  dition  to  vertical  ampli- 

.j*  J  fier  plug-ins,  a  second 

•-  *  series  of  plug-ins,  includ- 

ing  Model  166C  Display 
Scanner  and  others  provide  a  high  degree  of  fiexibility, 
eliminate  possibility  of  obsolescence. 

With  162A  Dual  Trace  Amplifier  plug-in,  maximum  sen¬ 
sitivity  is  20  mv/cm ;  amplifier  features  differential  input, 
1  MC  chopping.  High  stability  is  achieved  by  tube-transi.s- 
tor  circuitry  and  regulated  DC  filament  voltages  through¬ 
out.  24  calibrated  sweep  times  are  provided,  0.1  /tsec/cm 
to  5  sec/cm,  ±  3%  accuracy.  Seven  range  magnifier  in¬ 
creases  fastest  sweep  to  0.02  /isec/cm.  Sweep  delay  plug-in 
available.  Horizontal  sensitivity  0.1  v/cm  to  10  v/cm. 
%  162A,  $350.00;  %  160B,  $1800.00. 


#  166C  Display  Scanner 


Truly  a  significant  advance  in  measuring  convenience  and 
accuracy.  This  plug-in  unit  for  the  160B  Oscilloscope  pro¬ 
vides  outputs  to  duplicate  a  CRT  trace  with  an  X-Y 
recorder  such  as  the  Moseley  Model  2A;  permits  perma¬ 
nent,  large  scale,  high  resolution  record  of  repetitive  wave¬ 
forms  displayed  on  CRT.  Ultimate  resolution  is  higher  than 
either  scope  CRT  or  photograph.  You  can  observe  scope 
trace  while  records  are  being  made. 

Scanning  speed  is  arranged  to  keep  Y  output  within  band¬ 
width  of  conventional  recorders.  Unique  pen  speed  stabi¬ 
lizer  automatically  slows  X  axis  drive  when  fast  Y  sig;nals 
occur.  At  other  times  permits  rapid  scanning  to  allow  faith¬ 
ful  reproduction  of  square  waves  and  sharp  pulses  with 
reduc^  scan  time.  Outputs:  Y-axis  approximately  1  v  full 
scale;  X-axis  -t-50  to  —50  v  approximately.  Sweep  range 
from  fastest  scope  speed  to  5  ms/cm  (signal  rep  rate 
greater  than  20  cps) .  %  166C,  $300.00. 


MICROWAVE 

EQUIPMENT 

WR75  Components— 

10  to  15  KMC! 

Tool  now  for  swift,  sure  measurement 
in  the  newly-significant  microwave 
communications  band  (WR75).  New 
(0  microwave  equipment  includes 
many  popular  ^  waveguide  units — 
specifically  engineered  for  precise 
work  between  10  and  15  KMC.  Check 
this  list:  M375A  Variable  Attenuator, 
M382A  Precision  Variable  Attenuator, 
M421A  Crystal  Detector  Mount, 
M487B  Thermistor  Mount,  M532A  Di¬ 
rect  Reading  Wavemeter,  M752  Direc¬ 
tional  Couplers  (3,  10  and  20  db  mod¬ 
els),  M810B  Slotted  Line,  M870A 
Slide  Screw  Tuner,  M914B  Moving 
Load,  M920E!  Adjustable  Short.  All 
fitted  with  flat  cover  flanges  for  WR- 
76  waveguide.  See  your  ^  Catalog  for 
general  description  of  this  equipment 
as  supplied  for  other  bands;  call  your 
rep  for  details,  prices. 


938A/940A  Frequency  Doubler  Sets— 
to  40  KMC 

Now  have  convenient,  in¬ 
expensive  signal  genera¬ 
tion  capability  to  40.0 
KMC !  Operating  on  har¬ 
monic  generation  princi¬ 
ple,  new  00  938A  provides 
18  to  26.5  KMC  output; 
new  0f  940 A  covers  26.5  to  40  KMC.  Can  be  driven  from 
^  626A  and  628A  Signal  Generators  or  electronic  sweep 
oscillators.  Conversion  efficiency  less  than  18  db  at  10  mw 
input.  Output  power  0.5  to  1  mw  approx,  with  %  626A 
or  628A.  Input  power  10  mw  (required),  500  mw  (max¬ 
imum).  Output  monitor  accuracy  ±  1  to  ±  2  db  depend¬ 
ing  on  model  and  frequency;  output  attenuator  accuracy 
±  2%  of  reading  or  0.2  db  (whichever  is  greater). 
Attenuator  range  100  db;  output  SWR  approx.  2:1  at  full 
output.  Size  5”  high,  19”  wide,  18”  deep,  weight  20  lbs. 
00  938A,  $1,500.00;  00  940A,  $1,500.00. 


ff  344A  Noise  Fiifure  Meter 

Specifically  designed  to 
,  quickly,  accurately  meas- 
SrK?  *  ure  noise  figure  of  operat- 

*  '"K  radar  sets.  Automatic 

^  a  V  operation ;  simple  front 

panel  calibration.  Milita¬ 
rized,  transistorized,  for 
reliability  in  extreme  environments,  and  minimum  size 
and  weight.  Gives  continuous  noise  figure  presentation  on 
most  radar  receivers.  Extremely  high  sensitivity  permits 
decoupling  noise  source  up  to  20  db  from  main  transmit¬ 
ter  line  to  minimize  system  degradation.  Provision  for 
automatic  alarm;  special  output  permits  monitoring  noise 
figure  with  remote  meter.  Noise  source  modulator  may  be 
installed  remotely.  Several  meter  scale/excess  noise  op¬ 
tions  ;  30  MC  input  frequency,  1  MC  bandwidth,  75  ohms 
input  impedance.  Approx,  price  $1,600.00  (depending  on 
options  and  modifications  selected). 
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FREQUENCY  MEASURING  EQUIPMENT 


%  560A/561B  Digital 
Recorders 

560 A,  561 B  Digital  Recorders  pro¬ 
vide  continuous,  permanent  printed 
record  of  test  data.  Analog  output  of 
Model  560A  makes  possible  graphic  re¬ 
cording  with  extreme  accuracy.  Records 
five  11-digit  lines/ second;  secondary 
and  coding  data  may  be  entered  simul¬ 
taneously.  560A  (6 digits)  $1,265.00; 

561B  (for  ^  Electronic  Counters 
with  in-line  display  and  405AR  Digital 
Voltmeter  use)  $1,065.00. 


570/571B  Digital  Clocks 


If  lOOE  Precision  Frequency 
Standard 

Model  lOOE  is  a  new  precision  standard 
with  5/10“  per  week  stability,  the  versai 
tility  of  a  wide  variety  of  outputs,  ant 
compact  size — just  8?4"  high.  Outputs  in 
elude  1  MC  and  100  KC  sine  waves  fron 
50  ohm  source,  plus  sine  and  pulse  output! 
at  10  KC,  1  KC,  100  cps,  10  cps.  A  timini 
comb  is  provided  for  calibrating  or  meas 
urement  of  sweeps  and  time  intervals.  Th 
instrument  includes  an  oscilloscope  fo 
calibrating  external  equipment  with  Lis 
sajous  figures  or  checking  internal  fre 
quency  division  of  the  Standard.  $900.0( 


New  570A/571B  Digital  Clocks  (installed 
in  left  side  of  ^  Digital  Recorder  cabinet) 
add  time-of-day  information  to  other  re¬ 
corded  data.  Clocks  can  also  control  rate 
at  which  measurements  are  made.  In-line, 
6-place  numeric  readout;  maximum  23 
hours,  59  minutes,  59  seconds.  Operates 
with  internal  or  external  time  base.  % 
570A  (fits  560A)  $1,050.00;  #  571B  (fits 
561 B)  $950.00. 


INSTRUMENTS! 

PRIZE 

^  2^  PRIZE 


WIN  THESE 


120A  200  KC 
OSCILLOSCOPE 


^  403A  TRANSISTORIZED 
AC  VOLTMETER 


Guess  the  engineering  man-hours  invested  in  the 
development  of  new  instruments  offered  by  ^  and 
its  subsidiaries,  on  display  at  the  I.  R.  E.  Show 


If  your  guess  is  closest  to  the  actual  number  of  man-hours,  you  wi] 
a  brand-new  %  120A  laboratory  oscilloscope.  If  your  guess  is  seconj 
most  accurate,  you  win  a  compact,  multi-purpose  new  $  403A  Tran 
sistorized  AC  Voltmeter!  1 

Nothing  to  write,  nothing  to  buy!  Just  drop  by  the  I.R.E.  Sho^ 
exhibits  of  and  its  subsidiaries — Dymec, 


403A 


,  _  _  _  _ _  Boonton  Radio  an 

Moseley  Autograf  Recorders.  Evaluate  the  new  instruments  o 
display,  and  record  your  estimate  of  development  man-hours  e 
an  entry  blank. 

Contest  closes  at  9  p.m.,  Thursday,  March  24.  Winners  will  1 
notified  later.  In  case  of  tie,  Hewlett-Packard  will  award  duplical 
prizes. 


[110  AT  I.  R.  E.  SHOW 
^  3rd  FLOOR 

Between  Elevators  and  Escalators  on  Aisle  300 


HEWLETT-PACKARD  COMPANY 

1025  Page  Mill  Road,  Palo  Alto,  California,  U.S.A. 
Cable  “hewpack”  DAvenport  5-4451 

HEWLETT-PACKARD  S.A. 

Rue  du  Vieux  Billard  No.  1,  Geneva,  Switzerland 
Cable  “hewpacksa”  Tel.  No.  (022)  26.  43.  36 
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VERSATILE  TEST  INSTRUMENTS 


#  411A  1  KMC  Voltmeter 

Perhaps  the  most  widely  useful  new  voltmeter  of  a 
decade!  A  practical,  accurate  VTVM  \fith  frequency 
response  to  1  KMC — ^measuring  ao  voltage  to  1  millivolt, 
with  high  accuracy!  Precision  linear  scale  you  read  in¬ 
stantly,  unmistakably,  directly!  This  is  the  new  ^  411  A, 
latest  in  broad  array  of  ^  precision  voltmeters — stand¬ 
ard  of  the  industry! 

Overall  frequency  range  5'KC  to  1  KMC;  voltage  range 
1  millivolt  to  10  v;  10  millivolts  full  scale  sensitivity. 

Covered  in  7  ranges.  Accuracy  is  ±  3%  of  full 
scale.  10  KC  to  50  MC;  ^  6%  of  full  scale, 
60  MC  to  150  MC;  ±  1  db,  5  KC  to  1  KMC. 
^  Large  linear  meter  scale.  115/230  v  line  power. 

5  $450.00. 


0  466A  AC  Current  Probe 

Permits  your  conventional  ac  volt¬ 
meter  or  oscilloscope  to  measure  cur¬ 
rent  quickly  and  accurately — with¬ 
out  direct  connection  to  the  circuit 
under  test  or  appreciable  loading  of 
the  circuit.  Unique  new  probe  just 
clamps  around  the  current-carrying 
wire,  providing  a  voltage  output  you 
read  on  a  VTVM  or  scope.  Sensitiv¬ 
ity  (  out/input)  is  1  mv/ma;  thus, 
readings  are  direct  in  ma.  Measures 
ac  in  logic  circuits,  transistors, 
vacuum  tubes;  makes  possible  scope 
viewing  of  complex  current  wave¬ 
forms  with  rise  times  to  0.08  /tsec, 
currents  from  1  ma  to  1  amp  rms. 
$190.00.  „ 


466A  AC  Amplifier 

Highly  stable,  low  distortion,  wide  range  transistorized 
amplifier  offering  20  or  40  db  gain  to  increase  scope  or 
voltmeter  sensitivity  by  10  or  100.  Flat  response  within 
±  0.5  db  10  cps  to  1  MC  renders  the  instrument  appropri¬ 
ate  for  audio,  supersonic  or  low  rf  measurements.  Powered 
by  ac  line  voltage  or  batteries  offering  approximately  150 
hours  of  hum-free  service.  Weighs  just  3  lbs.;  ideal  for 
field  measuring.  $150.00. 


weigh 

measure 

check 

test 

automatically 


Testing  processes  can  be  time  consuming  and  are 
subject  to  human  fatigue  factors  and  human  error. 

Any  process  that  involves  measurement,  weight, 
counting,  computation  or  the  evaluation  of  known 
positive  factors  can  be  reduced  to  automatic 
testing. 

North  Electric  Company  has,  for  years,  led  the 
field  in  designing,  engineering  and  manufactur¬ 
ing  such  “test"  equipment. 

North  equipment  is  performing  such  varied 
functions  as  automatic  weighing  and  price  com¬ 
putation  in  food  processing,  coin  collection  and 
axle  count  at  super-highway  toll  gates,  circuit 
and  cable  testing,  automatic  sequential  produc¬ 
tion  line  testing  and  evaluation,  even  fault  simu¬ 
lation  and  check-out  on  missiles. 

Automatic  testing  is  faster,  completely  accu¬ 
rate,  can  be  remotely  controlled  and  frees  skilled 
manpower  for  other  work. 

If  you  have  any  process  that  involves  testing, 
in  the  broadest  sense  of  the  word.  North 
Electric’s  system-concept-minded  engineers  can 
"automate"  it. 

North  Electric’s  engineering  team  has  devel¬ 
oped,  engineered  and  built  over  5,000  system 
complexes,  many  of  which  have  been  in  contin¬ 
uous  service  for  decades. 

To  learn  exactly  what  NORTH  CAN  DO  FOR 
YOU — write,  wire  or  phone 

ELECTRONETICS  DIVISION 

NORTH  ELECTRIC  COMPANY 

643  S.  MARKET  ST.  GALION,  OHIO 

eo-s-2 
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THE  LARGE  AND  THE  SMALL.  Scientific  man  finds  himself  ever 
more  deeply  involved  in  reaching  for  extremes.  In  this  technology, 
our  engineers  push  the  need  for  precise  measurement  to  limits  that 
we  ourselves  would  not  have  grasped  two  decades  ago.  And  so  we 
constantly  face  the  need  for  bigger  numbers  and  smaller  numbers 
to  describe  what  we  see. 

For  ten  years  or  so  we  have  limped  along  with  double  prefixes 
on  our  metric  units — kilomegacycles,  millimicroseconds,  and  so  forth. 
Indeed,  the  problem  is  even  older,  for  the  micromicrofarad  has  been 
with  us  almost  from  the  outset. 

The  metric  system  was  set  up  with  the  idea  of  having  a  unique  {.i 
prefix  for  each  order  of  magnitude.  That  idea  does  not  today  seem 
feasible,  but  each  of  the  major  orders  should  have  its  distinctive 
prefix  in  order  to  avoid  impossibly  long  circumlocutions. 

In  1958,  the  International  Committee  on  Weights  and  Measures 
adopted  four  new  prefixes  for  denoting  the  positive  and  negative 
ninth  and  twelfth  orders  of  magnitude.  National  Bureau  of  Stand¬ 
ards  last  year  began  using  the  new  prefixes.  One  national  committee 
on  electrical  standards  has  adopted  one  of  the  prefixes  which  it  needs 
most. 

This  magazine  will  henceforth  follow  suit.  The  need  to  abandon 
millimicros  and  kilomegas  has  pressed  us  hard,  and  we  gratefully 
yield  to  the  pressure.  Here  are  the  prefixes  and  abbreviations  that 
will  be  found  in  these  pages  from  now  on  with  the  various  orders 
of  magnitude: 


a 

o 

tera- 

T 

10-“ 

pico- 

P 

10' 

giga- 

G 

lO- 

nano- 

n 

10" 

mega- 

M 

10-" 

micro- 

10’ 

kilo- 

K 

10-* 

milli- 

m 

10’ 

hecto- 

H 

10* 

centi- 

c 

10‘ 

deka- 

D 

io-‘ 

deci- 

d 

The  old  ways  die  hard.  Although  we’ll  try  to  be  as  consistent 
as  we  can,  we  hope  you’ll  forgive  an  occasional  relapse. 


Coming  In  Our  March  11  Special  Issue  .  .  . 

LOOKING  AHEAD.  The  approach  of  the  International  IRE  show  is 
traditionally  a  time  for  looking  ahead  to  future  developments  in  our 
industry.  Research  now  underway  on  new  concepts,  componants 
and  materials  will  bring  significant  results  in  many  areas  of  elec¬ 
tronics  within  the  next  two  years. 

In  our  next  issue,  a  special,  you’ll  read  about  trends  and  develop¬ 
ments  expected  for  1961-62  in  computers,  communications  systems, 
microelectronics,  energy  converters  and  other  areas.  To  bring  you 
this  informative  roundup.  Associate  Editor  Emma  and  Assistant 
Editor  Wolff  have  just  visited  research  laboratories  and  interviewed 
specialists  in  a  dozen  different  fields. 

To  learn  the  directions  that  learning-machine  research  is  taking, 
the  outlook  for  optical  masers,  the  predicted  efficiencies  for  different 
energy  conversion  techniques,  the  latest  trends  in  ultrasonics  watch 
for  Electronics,  March  11. 

SOLAR  CELLS.  Because  of  weight  limitations  in  space  vehicles, 
devices  which  convert  solar  radiation  directly  into  electrical  power 
are  highly  desirable.  Next  week,  R.  M.  Acker,  R.  P.  Lipkis,  R.  S. 
Miller  and  P.  C.  Robinson  of  Space  Technology  Labs  describe  the 
basic  design  considerations  and  applications  of  silicon  solar  cells 
in  the  three  space  vehicles  for  the  NASA  Able-3  and  -4  programs. 
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RAYTHEON  METAL  ENVELOPE 
16  RADAR  DISPLAY  TUBES 

meet  your  design  needs  better. . .  and  faster 


if  AVAILABLE  immediately  in  production  quantities 

if  AVAILABLE  with  aliuninized  faceplates 

if  AVAILABLE  with  all  standard  radar  phosphors 

if  AVAILABLE  with  special  infrared-stimulable 
storage  phosphors  (for  true-motion  trail  indication) 


Every  design  advantage  of  metal-envelope 
CRT’s  is  yours  with  Raytheon  radar  display 
tubes.  You  get  more  usable  cabinet  space 
and  can  cluster  more  components  behind  the 
tube.  And  Raytheon  metal-envelope  tubes 
are  lighter,  too  —  weigh  five  pounds  less 
than  equivalent  16"  glass  envelope  CRT’s. 
The  rugged  metal  envelopes  withstand 
plenty  of  rough  handling  and  vibration,  and 
provide  a  solid  rim  around  the  faceplate  that 
simplifies  moimting  assembly  design. 

The  faceplate  of  a  Ra3rtheon  metal- 
envelope  CRT  is  precision-curved  plate  glass, 
carefully  controlled  in  production  to  assure 
absolute  uniform  thickness  —  more  acctirate 
for  optical  reflection  plotting. 

Choose  from  stock  tubes  listed  below  — 
available  with  all  standard  radar  phosphors 
and  special  infrared-stimulable  storage  phos¬ 
phors  —  or  let  Raytheon’s  custom  engineer¬ 
ing  service  assist  you  in  developing  or  adapt¬ 
ing  a  tube  to  meet  specific  new  applications. 
Write  direct  to  Dept.  2527. 


51  Chapel  Straat,  Newton  58,  Mauachusetts 

Lm  AiifoiM  —  NormtiHty  M22I  Dallat  —  Flettwood  I-418S  CMciaa  —  S-4000  Oriaae* 

Saa  FrMdtco  —  Fireside  1-7711  Kaasas City  —  Plus  3-5330  Clavalaae— Winton  1-7716  iaWaMi 
fiOVOMMCirr  sales:  Bostaa  -  Bifelow  4-7500  •  WashiiwtMi,  O.C.  -  MetropoNtan  S-S205  •  OaylM 


Garden  3-1553  NnaVaik- Wisconsin  7-6400 
-SouthMd  1-0450  Bostaa  -  Bigalow  4-7500 
Baldwin  3-812S 


Type 

Focusini  Method 

XfiADP 

rri^cnetic 

CK1S82 

high-voltage 
(3300  to  4300 
Vdc) 

CK1S8S 

low-voltage 
(-135  to -1-400 
Vdc) 

Oeflwtion 

Method 

Deflection 

An(le 

Collector 

Voltaie 

GridfJ 

Voltage 

Grid  II 
Voltage 

Focus  Current 
onEc 

Coil  1109) 

Overall 

Length 

Overall 

Diameter 

Screen 

Diameter 

magnetic 

53* 

12,000  Vdc 

300  Vdc 

-33  to 
-77  Vdc 

95  ma. 

21  W* 

15H* 

14V 
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a  versatile,  double  keyboard  machine - provides  essentially  calculator  performance  and  speeds 

up  all  percentage,  invoice,  job  cost  and  payroll  computations - has  completely  automatic  mul¬ 
tiplication  feature - no  stroke  counting  is  required - saves  time  and  increases  reliability 

"addo-x"  stands  for  a  family  of  versatile,  time-proven  adding  and  calculating  machines 


backed  by  nation-wide  service  facilities - with  lifetime  guarantee  repair  parts  availability 

see  your  dealer  for  on-your-job  proof  or  write:  "addo-xf'  300  Park  Avenue,  New  York  22,  NY 
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A  MINIATURE  GENERAL 
PURPOSE  PLUG  FEATUR¬ 
ING  ONE  RECEPTACLE  TO 
ACCEPT  EITHER  BALL  OR 
BAYONET  LOCK  PLUG... 
WITH  HIGH  ALTITUDE  PER¬ 
FORM  ANCE  —  Now  yt  I  can 
net  trun  high-altitude  pt-rform- 
ance  m  a  nimiature  genera! 
purpos-  plug!  Plus,  Cannon’s 
KO  KR  cxclusivelv  provides 
one  receptacle  to  accept  either 
ball  or  bayonet  lock  coupling 
device.  The  KQ  KR  is  the 
latest  Cannon  contribution  in 
miniature  plugs  . . .  crimp-type 
snap-in  contacts,  .probe- 
proof  socket  contacts... mois¬ 
ture  sealing  grommet . . .  field 
service  with  a  sin  pie  hand 
tool!  The  KO  KR  is  another 
reason  why  you  should  con¬ 
sult  the  first  name  in  plugs 
why  you  should  always  con¬ 
sult  Cannon  for  all  your  plug 
requirements.  Write  for  further 
information  on  the  KO  KR,  or 
any  Cannon  product. 


"if!! 


COMPAflY, 


CANNON 
» PLUGS 
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rom  C.P.  Clare  &  Co. . . 


Switch  ^apscile  of  the  new  Clareed  Sealed  Contact 
Reed  'Rfelay  consists  of  a  pair  of  magnetically 
operated  contacts,  hermetically  sealed  in  a 
glass  capsule,  in  an  atmosphere  of  inert  gas. 


SPECIFICATIONS 

Contact  Arrangemant:  Normally  form  A,  form  B,  In  combina¬ 
tion  form  C 

Ovarall  length:  S-'/i  In.  max. 

Outalda  diameter:  0.215  in.  max. 

Contact  material:  Gold 

Contact  rating:  15  volt-amperea  max.,  non-inductive:  1  amp. 

max.;  250  volts  max. 

Contact  resistance:  25-40  mllliohms. 

Life  expectincy;  At  14  volt-amperes  VA  ampere,  28  volts  dc). 
20,000,000  operations. 

k,  At  7  volt-amperes  VA  ampere,  28  volts  dc), 
100,000,000  operations. 

Minimum  breakdown  voltage:  (60  cps)  500  volts  rms. 
Insulation  resistance:  500  k  megohms  min. 

Low  level  load  test:  8  microamps,  800  ohms,  250  millivolts, 
open  circuit  operated  at  3  ips,  100  million 
operations  with  no  failures. 


Milliseconds  (Including  bounce) 


Switches 
per  Coil 

Watts  to  Just 
Operate 
Typical  Coils 

Operate 

Excess  Nl  over  P.U. 

100  200 

Release 

1 

0.25 

1 

0.8 

0.25 

2 

0.30 

1.5 

0.9 

0.25 

3 

0.35 

2.2 

1.5 

0.25 

4 

0.42 

3.2 

2.2 

0.25 

5 

0.52 

3.5 

2.5 

0.25 

6 

0.8 

5 

3.5 

0.50 

12 

1.5 

6 

5 

0.50 

20 

3.5 

8 

6 

0.50 

CONTACT  BOUNCa 


At  "just  operate" 

At  200  excess  Nl 
At  400  excess  Nl 
No  bounce  on  release. 


0.3  ms  max. 
0.5  ms  meu. 
0.8  ms  max. 
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CLAREED 


CLAREED  relays  are  ideal  compo¬ 
nents  for  transistor  drive  applica¬ 
tions  and  for  use  in  computers  and 
data  processing  equipment.  Their 
low  inductance  and  the  low  induct¬ 
ance  change  in  the  operating  coil  at 
each  operation  limits  the  transients 
produced.  Submit  your  packaging 
problem  for  recommendations. 


The  new  clareed  Sealed  Contact 
Reed  Relay  effectively  eliminates 
contact  contamination.  With  its 
contacts  hermetically  sealed  in  con- 
taminant-foee  inert  gas,  this  new 
design  assures  millions  of  perfect 
operations.  Hundreds  of  millions 
are  possible  when  operated  at  up  to 
H  rated  contact  load. 


PACKAGED  TO  MEET  yOUT  REQUIREMENTS 


Ten  CLAREED  switches, 
mounted  In  line  on  a 
printed  circuit  board  with 
five  magnetic  coils.  This 
assembly  can  then  be  en¬ 
closed  in  the  flat,  rec¬ 
tangular  container  or  it 
may  be  coated  with 
"Skin-Pack,"  a  tough 
vinyl  plastic,  and 
mounted  directly  Into 
your  equipment. 


Six  CLAREED 
switches  dus- 
tered  for 
mounting  in  a 
single  tube 
container. 


doytOuuUMdOooi 


Important  features  of  clareed  relays  are  their  simplicity 
and  flexibility.  They  may  be  mounted  to  meet  the  require¬ 
ments  of  almost  any  application  and  environmental  con¬ 
dition,  even  on  your  own  printed  circuit  board — to  comply 
with  your  mechanical  design  configurations. 

CLAREED  relays  are  as  flexible  as  your  application  requires.  Consul¬ 
tation  with  your  nearby  glare  sales  engineer  is  invited.  Additional 
information  may  be  obtained  from  C.  P.  Clare  &  Co.,  3101  Pratt 
Blvd.,  Chicago  45,  Illinois.  In  Canada:  C.  P.  Clare  Canada  Limited, 
Box  134,  Downsview,  Ontario.  Cable  Address:  clarelay.  Send  for 
Bulletin  CPC  5. 


New  York  Coliseum 
March  21-24 


FIRST 

In  the  industrial  field 
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Designers  of  high  power  transmitters,  amplifiers,  particle  accelerators  and  other  advanced  electronic  equipment  often  encounter  a 
problem  in  finding  the  right  resource  to  meet  their  exacting  specifications  for  high  voltage  transformers.  The  reason:  most  giant  firms 
don't  have  the  flexibility  to  fully  accommodate  the  customer  on  custom  engineered  units;  while  many  smaller  companies  simply  don’t 
have  the  technical  depth  and  production  capability.  Electro  has  all  of  these  qualifications:  unique  experience  in  custom  designing 
high  voltage  transformers  for  advanced  electronic  applications;  the  production  capability  to  build  them;  and  the  flexibility  to  do  the 
job  quickly  and  economically.  Electro  units  are  now  being  used  by  electronic  systems  and  equipment  manufacturers  across  the 
nation  — in  ground  radar,  scatter  communications,  missile  support  equipment,  sonic  vibration  testing  equipment,  accelerators.  If 
your  requirement  for  a  high  voltage  transformer  is  a  little  more  sophisticated,  a  bit  more  demanding  and  exacting  than  the  average 
...then  get  the  complete  Electro  story. 


high  reliability  transformers 
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BUSINESS  THIS  WEEK 

Communications  System  Within  Earth's  Crust 
Is  Getting  Feasibility  Study  for  Air  Force 

Studies  and  experiments  in  subsurface  propagation 
of  electromagnetic  waves  will  be  carried  out  under  a 
$116,000  Air  Force  contract  by  Space  Electronics 
Corp.,  Glendale,  Calif.  Rome  Air  Development  Center 
wants  the  company  to  determine  if  it  is  feasible  ta 
bury  the  components  of  a  communications  systems 
deep  within  the  earth’s  crust. 

The  California  firm  says  it  has  already  conducted 
considerable  study  and  experimentation  under  a  previ* 
ous  contract  and  with  its  own  funds.  The  company 
claims  that  substantial  verification  of  theory  for  short- 
range  underground  communications  has  been  obtained 
from  its  experimental  underground  station. 

“Earth  crust  communication  techniques  that  con¬ 
nect  buried  sites  offer  excellent  survival  potential 
against  natural  and  artificial  hazards,’’  declares  Space 
Electronics.  Security  of  such  a  system  suggests  its 
possible  use  as  a  communications  network  for  under¬ 
ground  ICBM  launching  sites.  In  case  of  an  enemy 
missile  attack,  instant  massive  retaliation  would  re¬ 
quire  communications  links  to  U,  S.  ICBM  bases  that 
would  not  be  disrupted  by  the  attack. 

Titan  Flight  Test  Program  Will  Use 
Pulse-Code-Modulation  Telemetry  System 

Titan  ICBM,  being  pushed  rapidly  towards  opera¬ 
tional  status,  will  soon  enter  a  new  flight  test  phase 
requiring  the  acquisition  of  more  airborne  data.  The 
Air  Force  has  selected  pulse-code-modulation  tele¬ 
metry  to  handle  the  expanded  volume  of  flight  data, 
Electronics  learns. 

PCM,  which  intersperses  analog  and  digital  data  on 
one  multiplexed  channel,  will  be  used  for  the  first  time 
in  a  liquid-propelled  ICBM.  PCM  telemetry  has  al¬ 
ready  been  slated  for  tests  of  the  more  advanced 
Minuteman  solid-fueled  ICBM.  The  Titan  PCM  system 
will  transmit  digital  data  on  the  AC  Spark  Plug  in¬ 
ertial  guidance  system.  (First  operational  Titans  will 
use  the  Bell  Telephone  Laboratories  radio-command 
guidance  system,  while  later  ones  will  use  the  AC 
Spark  Plug  inertial  guidance  system). 

Radiation,  Inc.,  Melbourne,  Fla.,  is  carrying  out 
the  PCM  telemetry  work  under  a  $2,320,000  subcon¬ 
tract.  The  contract  calls  for  fabrication,  testing  and 
delivery  of  a  Titan  airborne  PCM  telemetry  system, 
plus  checkout  equipment. 

Plasma  Circuit  Used  As  An  Oscillator 
To  Generate  Microwave  Energy  of  2,000  Me 

Beam-generated  plasma  has  been  used  as  an  elec¬ 
tronic  circuit  capable  of  conveying  radar  energy  for 
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practical  purposes.  Sperry  Gyroscope  scientists  C.  C. 
Wang,  L.  P.  Levine  and  J.  E.  Hopson  last  week  re¬ 
ported  that  they  have  used  a  gyroelectric  plasma  cir¬ 
cuit  as  a  velocity-modulated  oscillator  to  generate 
microwave  energy.  “Gyroelectric”  refers  to  the  fact 
that  the  charged  particles  move  in  a  rotary  manner 
similar  to  a  gyroscope’s  spin. 

“As  we  learn  more  about  the  character  of  the  elec¬ 
tric  circuits  formed  by  plasma,”  they  said,  “it  is  con¬ 
ceivable  that  they  may  be  used  to  replace  or  enhance 
operation  of  electronic  devices  that  now  use  wires, 
capacitors  or  other  conventional  circuit  elements.” 

What  the  Sperry  scientists  did  was  to  aim  a  500  v 
beam  of  electrons  through  rarefied  hydrogen  gas 
contained  in  an  electromagnetic  envelope.  This  created 
hydrogen  ions  which  behaved  like  an  ordinary  feed¬ 
back  circuit.  The  ions  and  electrons  coupled  into  the 
electron  beam.  Tbe  beam  then  served  as  an  antenna 
to  convey  radar  energy  of  2,000  Me  out  of  the  plasma 
circuit.  Sperry  scientists  expect  to  reach  70,000  Me, 
predict  eventual  circuits  operating  at  300,000  Me. 

ELECTRONICS  NEWSLETTER 

Biocurrents  in  human  cells  are  being  studied  by 
Soviet  scientist  Platon  Kostjuk,  Tass  reports.  He  has 
devised  a  microelectrode  with  a  tip  measuring  0.2 
micron  in  diameter  which  is  inserted  into  a  cell,  nor¬ 
mally  up  to  100  microns  in  size.  The  biocurrents  are 
transmitted  through  the  electrode  to  an  oscillograph. 
Readings  are  then  filmed. 

Announcement  that  French  instrument  companies 
will  hold  a  10-day  exhibition  in  Moscow  in  April 
rounds  out  the  triumvirate  of  European  countries 
invited  to  display  their  wares  in  Moscow’s  Polytechnic 
Museum.  First  held  was  the  German  instrument  ex¬ 
hibition  last  November.  After  the  French  comes  the 
British  scheduled  for  June  16-26.  The  Soviets  have 
been  careful  to  avoid  specifying  any  area  of  interest. 
The  British  Scientific  Instrument  Manufacturers  As¬ 
sociation  plans  a  broad-scope  exhibition  that  omits 
specialized  equipment  embargoed  for  export  to  Com¬ 
munist  countries. 

Magnetohydrodynamics  symposium  held  last  month 
at  the  University  of  Pennsylvania  under  the  sponsor¬ 
ship  of  the  basic  sciences  committee  of  the  American 
Institute  of  Electrical  Engineers  points  up  the  fast¬ 
growing  industry  interest  in  the  field.  Some  300  scien¬ 
tists  heard  37  papers  over  two  days  on  basic  research, 
communication  through  plasma,  {>ower  conversion, 
fusion  and  flight  applications.  Observed  one  top  in¬ 
dustry  scientist:  “Any  company  interested  in  missiles 
and  space  not  now  in  this  field  can’t  afford  not  to  get 
in  it  pretty  fast.” 

Tunnel  triode,  a  transistor-like  device  in  which  the 
emitter-base  junction  is  an  Esaki  tunnel  diode  and 
the  collector-base  junction  is  a  conventional  diode,  is 
being  investigated  at  MIT’s  Lincoln  Laboratory  as 
a  potentially  useful  computer  element.  More  details 
will  be  given  in  ELECTRONICS  next  week  in  a  report 
entitled  “Future  Developments  in  Engineering.” 
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The  Paragon-Revolute  Continuous 
Reducing  Printer  is  the  heart  of  Re¬ 
trievable  Miniaturization.  Really  a 
giant  movie  camera,  it  takes  pictures 
of  drawings  while  they  move  through 
the  machine  at  speeds  variable  from 
3  fpm.  to  30  fpm.  It  takes  drawings 
up  to  42*  wide,  offers  reductions  of 
1/2, 1/3, 1/4,  1/5,  1/6,  1/7,  1/8  size.  If 
desired,  one  of  two  ratios  supplied 
may  be  1:1  for  originals  up  to  a  max¬ 
imum  of  21'  wide  by  any  length. 
Camera  feeds  the  same  as  blueprint 
and  whiteprint  machines. 


RETRIEVABLE 

MINIATURIZATION 


AIRCRAFT  CORPORATION 


/VTSli-Ei  ANDt  IPACE  DIVISI^^^J  ^ 


1 


Lockheed  engineers  and  Para* 
gon-Revolute  representatives 
compare  half-size  print  with 
full-size  drawing  at  Lockheed 
Aircraft  Corporation,  Missiles 
and  Space  Division,  Sunnyvale, 
California.  Lockheed  ofSciaU 
report  that  Retrievable  Minia¬ 
turization  has  given  them  the 
economies  and  advantages  pos¬ 
sible  from  reduced  print  size 
without  sacrifice  of  valuable 
information  on  engineering 
drawings. 


Andrew  T.  Johnson,  (right)  and 
Robert  Johnson,  owners  of 
their  own  reproduction  and 
blueprinting  service  firm  in 
Boston,  were  the  first  to  install 
Retrievable  Miniaturization  as 
a  commercial  service.  They 
state:  "Retrievable  Miniaturi¬ 
zation  makes  real  sense  to  us 
—  and  to  an  increasing  number 
of  our  customers.  Incidentally, 
our  Revolute  Processor  is  do¬ 
ing  a  fine  job  in  processing 
-lirect  positive  papers. 


THE  IDEA.  Retrievable  Miniaturization  is  a 
new  ingenious  method  for  reducing  the  size 
of  prints  yet  keeping  them  large  enough  to 
be  completely  readable  and  usable.  Developed 
by  Paragon-Revolute,  this  method  is  acknowl¬ 
edged  as  one  of  the  significant  advancements 
in  reproduction. 

HOW  IT  WORKS.  In  Paragon-Revolute’s  unique 
Continuous  Reducing  Printer  and  Processor, 
reduced-size  transparencies  are  made  directly 
from  original  drawings  for  immediate  repro¬ 
duction  in  blueprint  or  diazoprint  equipment. 
Reductions  can  be  made  as  positives  or  nega¬ 
tives  on  paper  or  film.  The  Printer  takes 
drawings  up  to  42'  wide  by  any  length  at 
speeds  up  to  30  fym. 

THE  ADVANTAGES.  Retrievable  Miniaturization 
fits  in  with  existing  facilities,  calls  for  no 
drastic  changes  in  present  drafting  standards 


Rcduccd-siz*  prints  are  simple  and  fast  to  mako. 

A.  Original  drawings  are  fed  into  B.  Revolute  Ck)ntinu- 
ous  Reducing  Printer  where  they  are  photographed  and 
reduced  on  paper  or  film  transparencies.  C.  Revolute 
Continuous  Pr^essor  develops,  fixes,  washes,  and  dries 
transparencies  for  immediate  reproduction  in  D.  Blue¬ 
print  equipment  orE.  Diazotype  reproduction  machines. 


or  print-making  systems.  It  enables  savings 
in  materials  up  to  300%  . . .  increases  capacity 
of  blueprint  or  diazotype  equipment  up  to  4 
times  .  .  .  slashes  print  handling  time,  filing 
space,  and  mailing  costs.  Most  importantly,  it 
provides  readable,  usable  reduced-size  prints 
without  the  problems  and  high  cost  of  blow- 
back  systems. 

You  owe  it  to  yourself  and  your  company  to 
investigate  the  advantages  and  savings  offered 
by  this  great  new  concept  in  reproduction  by 
mailing  the  coupon  below. 


OF  CHARLES  BRUNING  CO.,  IHC 

(B/tUM/MG) 

77  South  Avenue  *  Rochester  4,  New  York 


PARAGON 

REVOLDTE 


Paragon- Revolute  Advertising  Department,  Dept.  3-Z 
1100  Csniral  Rd.  Ml.  Pretpart,  Illinois 

□  Please  send  me  more  information  about  Retrievable 
Miniaturization. 

□  Please  arrange  for  one  of  your  representatives  to 
contact  me  about  a  demonstration. 

Nome - Title - 

Company - 

Add  ress - 

City - Stote  . . . 
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BARNSTEAD 


WATER 


18,000,000  OHM  WATER 

This  Barnstead  equipment  engineered  in 
series  consists  of  sand  and  carbon  filter, 
high-capacity  four-bed  demineralizer,  two 
Barnstead  High-Purity  Stills,  Tin-lined 
tank,  Mixed-Bed  Demineralizer,  MF  Sub¬ 
micron  Filter,  Tin-lined  Heater.  Pro¬ 
duces  18,000,000  ohm  water  in  production 
quantities,  completely  free  of  minerals, 
organics,  bacteria,  and  submicroscopic 
particles  down  to  0.45  micron. 


COOLING  WATER 
RE-PURIFYING  SYSTEM 

adds  thousands  of  hours  to  UHF  trans¬ 
mitting  tube  life.  Saves  additional  hours 
of  maintenance  ordinarily  spent  in  citric 
acid  cleaning  procedures  within  the  cool¬ 
ing  system.  Write  for  detailed  Bulletin  149. 


TRANSISTOR  WASHER 

Rinses  transistors,  diodes,  and  other  small 
components  in  hot,  ultra  pure  water.  Sys¬ 
tem  filters  out  particles  to  0.45  micron. 
Continuous  re-purification  system  con¬ 
serves  water  resulting  in  substantial  sav¬ 
ings.  Write  for  Bulletin  146. 


B 


ariistea 


J 


STILL  AND  STERILIZER  CO. 

84  Lanesville  Terrace,  Boston  31,  Mass. 


BOSTON  NEW  YORK  CLEVELANO 

JAmaica  Klnftbridfc  ACadcmy 

4-3100  1-1557  6-0633 

CHICAGO  PHILAOELPHIA  WASHINGTON,  O.C. 
ROftr*  Park  LOeust  District 

1-6173  1-1796  7-1143 

LOS  ANGELES  SAN  FRANCISCO  DETROIT 
RYan  TEmplebar  ENtarpriu 

1  -6663  3-5391  7433 


WASHINGTON  OUTLOOK 


The  Air  Force  is  still  fighting  to  build  a  new  manned  bomber,  despite  the 
administration  decision  to  hold  back  development  of  the  2,000-mph  B-70 
and  a  nuclear-propelled  aircraft. 

Air  Force  planners  now  regard  a  secret  study  project.  Dromedary,  as 
a  potential  bomber  of  the  future.  The  project  is  under  the  direction  of 
the  Rand  Corp.,  and  reports  say  Boeing  and  Northrop  are  in  on  the  work. 

As  presently  conceived,  the  Dromedary  would  not  require  the  most 
advanced  electronic  equipment.  The  plane  would  be  a  relatively  slow- 
flying  plane  powered  by  a  conventional  jet  engine.  Its  virtue  would  be 
endurance.  It  would  stay  aloft  for  upwards  of  10  days  and  would  be 
capable  of  launching  air-to-ground  ballistic  missiles  at  enemy  targets. 
Because  of  its  airborne  endurance,  the  plane  would  be  less  vulnerable 
to  an  enemy  blow  at  our  fixed  bases.  Flight  endurance  would  stem  from 
a  perforated  “laminar-flow”  wing  designed  to  reduce  drag  and  therefore 
fuel  requirements. 

In  effect,  the  Air  Force  would  be  using  a  low-performance  aircraft  as 
a  missile  platform.  While  the  B-70  and  nuclear  powered  planes  would  be 
high-cost  aircraft  based  on  breakthroughs  in  technology  and  would  require 
new  electronic  systems,  the  Dromedary  would  be  a  relatively  cheap  plane 
which  could  be  built  out  of  current  knowhow. 

Top  Air  Force  brass  are  said  to  be  eagerly  awaiting  the  outcome  of  the 
study  project.  They  believe  they  can  sell  a  production  program  for  this 
type  of  plane  more  easily  than  one  for  the  B-70  or  a  nuclear-powered  plane. 

•  The  Pentagon  has  officially  given  the  green  light  to  serious  develop¬ 
ment  of  the  Air  Force’s  Sky  Bolt  air-launched  ballistic  missile.  Until 
now  the  project  had  been  strictly  in  the  design  study  stage. 

Nortronics  division  of  Northrop  Corp.  is  guidance  system  sub¬ 
contractor  to  Douglas  Aircraft,  the  weapon  system  prime.  Nortronics 
has  designed  an  inertial  system  for  the  new  missile — an  outgrowth 
of  Northrop’s  Mark  1  system  for  the  Snark  guided  intercontinental 
missile.  The  air-launched  ballistic  missile  was  primarily  conceived 
for  the  B-70  and  nuclear  bombers. 

It’s  now  planned  to  put  the  new  missile  into  the  B-52  bomber.  Only 
slight  modification  of  the  aircraft  would  be  needed,  the  Air  Force 
claims.  The  Dromedary  aircraft,  with  its  tremendous  flight  endur¬ 
ance,  might  also  be  an  ideal  platform  for  the  missile. 

#  The  Air  Force  is  now  plugging  for  a  Pentagon  decision  for  a  crash 
program  to  develop  an  operational  Midas  (Missile  Identification 
Detection  and  Alarm  System)  satellite. 

The  satellite  would  use  infrared  sensors  to  detect  the  heat  radia¬ 
tion  emitted  by  enemy  ballistic  missiles.  Lockheed  is  prime  con¬ 
tractor. 

Current  Midas  development  budget  runs  to  $59.7  million,  and  an 
increase  to  $102  million  is  currently  scheduled  for  fiscal  1961.  The 
Air  Force,  pushing  for  greatly  increased  funds,  argues  that  devel¬ 
opment  has  advanced  far  enough  to  justify  the  start  of  fabrication 
of  operational-type  satellites. 

Meanwhile,  the  Air  Force  is  ready  to  divert  R&D  funds  originally 
earmarked  for  other  projects  this  year  to  Midas.  This  is  being  done 
in  advance  of  the  Defense  Department  decision  now  pending. 

A  major  factor  in  the  Pentagon’s  deliberations  is  how  long  the 
Midas  would  remain  in  orbit.  The  objective  is  a  year-long  orbit  for 
the  early-warning  satellite.  The  Air  Force  is  confident  that  the  first 
test  satellite,  to  be  launched  this  year,  could  be  placed  in  orbit  for 
from  one  week  to  a  month. 
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SCIENTISTS  AND  ENGINEERS: 


There  are  two  sides  to  the  STL  com.. 


What  STL  does: 

space  Technology  Laboratories  is  making 
significant  contributions  in  theoretical 
analysis,  research,  development  and 
technical  management  of  advanced  ballistic 
missile  and  space  systems.  STL  conducts 
advanced  space  flight  experiments  under  the 
executive  management  of  the  Air  Force 
on  behalf  of  such  agencies  as  ARPA  and 
NASA.  In  addition  STL’s  leadership  in 
military  applications  of  space  technology  is 
illustrated  by  its  successful  accomplish¬ 
ments  as  the  contractor  responsible  for 
over-all  systems  engineering  and  technical 
direction  of  the  Atlas,  Titan,  Thor,  and 
Minuteman  portions  of  the  Air  Force  ,4^  * 
Ballistic  Missile  Program.  * 


What  STL  offers: 

For  scientists  and  engineers  with  out¬ 
standing  capabilities,  STL  offers  imusual 
growth  opportunities  in  many  areas  of 
technical  activity,  including: 

Electronic  and  Electromechanical  Systems 
Vehicle  Engineering  and  Development 
Propvilsion  and  Guidance  Systems 
Computer  Technology 
Systems  Engineering  and  Technical 
Direction 

*  Telecommunications 
I  Airborne  Systems 
f  Ground  Support  Equipment 


NEW  YORK  INTERVIEWS  FOR  MEMBERS  OF  IRE 

For  the  convenience  of  those  attending  the  Institute  of  Radio  Engineers 
meeting,  members  of  STL’s  Technical  Staff  will  conduct  personal  interviews 

in  New  York,  March  21-24.  For  an  appointment,  please  telephone 
Mr.  Robert  Galbraith  at  STL’s  IRE  suite,  or  send  a  complete  resume  to 
Space  Technology  Laboratories,  Inc.,  P.  O.  Box  95004, 

Los  Angeles  45,  California 


SPACE  TECHNOLOGY  LABORATORIES,  INC 
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Firm  price  and  delivery  on  low  noise  parametric  amplifiers 


HU6HES  PARAMETRIC  AMPLinERS -Typical  Chsraetaristics 


Firm  price  and  delivery  schedules  are  available  for  negative  resistance,  cavity  type 
amplifiers  in  the  U  S,  C,  and  Lower  X-Bands.  You  can  choose  from  either  development 
models  for  evaluation  in  your  system,  or  custom  designed,  fully  qualified  units  in  production 
quantities.  The  table  at  right  shows  typical  amplifier  characteristics  now  being  obtained 
in  development  models. 

With  noise  figures  as  low  as  2  db,  these  amplifiers  are  ideally  suited  to  radar  acquisition 
and  tracking  systems,  tropo-scatter  communications,  telemetering,  satellite  tracking,  and 
microwave  relay  links. 

They  recover  from  overload  in  milliseconds— are  resistant  to  deterioration  and  failure  from 
high  power.  Phase  jitter  and  gain  stability  characteristics  are  excellent  and  with  the 
associated  ferrite  circulator,  the  amplifier  is  fail-safe  in  case  of  pump  or  diode  failure. 
Small  in  size  and  weight  the  amplifier  can  easily  be  retrofitted  to  many  existing  systems. 
Hughes  Microwave  Products  can  provide  complete  retrofit  kits,  including  ferrite  circulator, 
amplifier,  pump  circuitry,  and  pump  klystron,  custom  fitted  to  your  system  configuration. 


Bandwidth 


Noisa  Figure  2  to  4  db 


Remarks 


Non*  Non*  Non*  Quasi* 

degenerate  degenerate  degenerate  degenerate 


For  information  on  price  and  delivery  f 
dates,  or  for  further  technical  data.  | 
write  Microwave  Products,  Advanced  i 
ProgramDevelopment.HugheaAIrcraft  i 

■  Company.  Culver  City  )•  Calif..  i 
or  phone  UPton  0-7111.  Ext  4727.  i. 
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HERE’S  WHY  CENTRICORES  ARE 
PROBABLY  THE  MOST  CONSISTENTLY 
UNIFORM  CORES  YOU  CAN  BUY; 


Glosely’Controlled  annealing— Annealing— perhaps  the 
most  critical  phase  of  the  eor»4aaking  proce8»— is  don* 
under  precisely  regulated  atmospheric  and  temperature 
stabilized  conditions  to  hold  Centricore  magnetic  perform¬ 
ance  to  uniformly  high  levels. 

Exceptional  uniformity  from  core  to  core  and  lot  to  lot 
is  further  assured  with  Super  Squaremu  “79”,  a  new 
high-performance  alloy  we’ve  developed.  It  has  outstand¬ 
ing  magnetic  qualities  and  is  remarkably  uniform  in 
squareness,  thermal  stability  and  gain.  Super  Squaremu 
“79”  offers  an  effective  solution  to  problems  of  variation 
in  magnetic  performance. 

WRITE  FOR  BULLETIN  C-3 


The  exceptional  uniformity  you  get  in  tape-wound  Centri- 
cores  is  not  easy  to  come  by.  It’s  the  result  of  painstaking 
precision  at  every  stage  of  the  manufacturing  process 
— and,  in  fact,  before  manufacturing.  Three  principal 
factors  help  produce  Centricore  uniformity: 

Careful  classification  of  materials— Raw  alloys  are  first 
“pedigreed” — meticulously  selected,  then  test^  for  some 
14  parameters,  and  classified  by  magnetic  properties. 
We’re  the  largest  buyer  of  nickel  alloy  magnetic  materials 
in  the  world  . . .  which  permits  us  to  choose  material 
for  Centricores  from  an  unusually  wide  distribution  of 
magnetic  properties. 

Special  winding  machines— We  build  our  own  machines, 
to  die-making  tolerances,  for  winding  magnetic  alloy  tape 
into  cores.  We  abo  build  our  own  machines  for  applying 
insulating  coating  to  the  tape.  These  machines  give  us 
far  greater  uniformity  in  dimensions,  insulation  and  ulti¬ 
mate  performance  of  Centricores. 


THICKNESS 


MATERIAL 


HIGH  NICKEL 
Hymu  SO 
Squaremu  79 
Super  Squaremu  79 
LOW  NICKEL 

Squaremu  49 
Carpenter  49 

GRAIN-ORIENTED  SILICON 
Ctystaligned 
Microsil 


THRO 


THRU 


*Speeial  aize$,  shapes  and  thicknesses  quoted  on  request, 


Visit  our  booth — No.  1432 — at  tho  IRC  Show, 
March  21-24,  Tho  Colhoum,  Now  York  City. 


Magnetic  mbtax.8  Company 
Hayes  Avenue  at  21st  Street,  Camden  1,  N.J. 

transformer  laminations  •  motor  laminations  •  tape-wound  cores 
powdered  molybdenum  permalloy  cores  •  electromagnetic  shields 
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ACTUAL  SIZE 


ACTUAL  SIZE 


ACTUAL  SIZE 


NEW  4 


CONTROL 

another  Mallory  ‘‘‘‘firsf 
in  miniaturization 


Only  J^-inch  in  diameter,  the  new  Mallory  carbon  control  is  the 
world’s  smallest  conventional-type  control  for  commercial  appli¬ 
cations.  It  takes  less  cabinet  space,  less  panel  space,  weighs  but  a 
fraction  as  much  as  the  conventional  controls.  It’s  especially 
adaptable  to  miniature,  table  and  clock  radios;  portable  dictating 
equipment;  portable  television  receivers;  test  instruments;  and 
hi-fi  amplifiers  and  pre-amps  for  small  cabinets. 

The  tiny  half-inch  control  retains  the  quality  features  that  have 
gained  the  larger  Mallory  controls  their  reputation  for  outstanding 
performance:  the  same  high-density,  mirror-surface  element  for 
long,  quiet  service;  the  same  ring-type,  snap-action  switch— simple 
in  design  and  operation,  with  high,  constant  contact  pressure, 
positive  contact  alignment  and  continually  changing  "floating” 
contact  surface. 

Available  with  or  without  rotary  switch,  nylon  or  steel  shaft. 
Rotation:  290®  without  switch,  320®  with  switch.  Linear  taper: 
100  ohms  to  10  megohms;  audio  taper:  500  ohms  to  5  megohms. 
Can  be  applied  with  element  having  low  end  resistance,  for  use  in 
transistor  circuits. 

For  further  information,  write  to  J.  R.  Woods,  Dept.  H,  Mallory 
Controls  Company,  Frankfort,  Indiana. 


Mallory  Controls  Company,  Frankfort,  Indiana 


a  division  of 


M 

on 

MALLORVaCO  Inc.k  1 

A 

lllori 

■ 

[See  the  new  Mallory  half-inch  control  at  Booth  1410  IRE  Show 
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FINANCIAL  ROUNDUP 


Earnings  Rise  to  New  Levels 


Profits  and  earnings  reports  show 
a  continued  brisk  pace  as  1960 
moves  to  the  end  of  its  first  quarter. 
Here  are  some  examples : 

•  Litton  Industries,  Beverly  Hills, 
Calif.,  reports  six-month  sales  of 
$77,400,000,  for  the  period  ended 
Jan.  31,  this  year.  This  is  a  36- 
percent  increase  over  the  same 
period  a  year  ago.  Before-tax  earn¬ 
ings  for  this  year’s  period  totaled 
$6,020,000,  with  net  earnings  after 
provision  for  federal  and  foreign 
taxes  coming  to  $3,248,000,  a  40- 
percent  rise  over  the  like  period  a 
year  ago.  In  part,  the  rise  was  at¬ 
tributed  to  the  purchase  of  rights 
to  the  Griffith  Teleprinter  line,  the 
Sweda  line  of  cash  registers  and 
point-of-sale  recording  equipment, 
and  by  the  introduction  of  the 
Printapix  direct  writing  cathode 
ray  tube. 

•  Amphenol •  Borg  Electronics 
Corp.,  Broadview,  Ill.,  announces 
net  sales  of  $56,541,533  for  1959 
in  its  report  presented  recently  to 
stockholders.  An  increase  of  21.6 
percent  is  reported  over  1958, 
which  saw  net  sales  of  $46,430,851. 
On  the  basis  of  1,172,044  shares 
now  outstanding,  1959  earnings 
per  share  were  $2.50,  compared 
with  $1.96  in  the  preceding  year. 
Net  income  for  the  1959  period  was 
$2,926,605,  a  rise  of  28.4  percent 
over  the  net  income  of  $2,279,434 
in  1958.  The  1959  profit  was  the 
second  largest  in  company  history, 
the  largest  being  1957’s. 

•  Hewlett-Packard,  Palo  Alto, 
Calif.,  reports  net  earnings  of 
$1,145,621  for  the  first  quarter  of 
the  company’s  1960  fiscal  year. 
The  quarter  ended  Jan.  31,  1960. 
Earnings  for  the  period  rose  77.8 
percent  over  the  $644,360  figure 
for  the  same  period  a  year  ago. 
Per-share  earnings  during  the 
1960  first  quarter  were  36  cents, 
compared  with  20  cents  in  the  1959 
first  quarter. 

•  The  Gabriel  Company,  Cleve¬ 
land,  announces  combined  sales  in 


1959  of  $28,836,253,  compared  with 
$22,825,684  in  1958.  Total  net  earn¬ 
ings  amounted  to  $532,906,  equiv¬ 
alent  to  77  cents  a  share  as  com¬ 
pared  with  $545,066,  or  80  cents 
a  share,  a  year  ago.  J.  H.  Briggs, 
president  of  Gabriel,  points  out 
that  although  net  earnings  dipped, 
operating  income  rose  21  percent. 

.•American  Telephone  and  Tele¬ 
graph  announces  earnings  of  more 
than  $1  billion  in  1959  for  the  first 
time  in  company  history.  Bell  Sys¬ 
tem  earnings  rose  to  $1,148,769,000 
last  year,  as  compared  with  $981,- 
463,000  in  1958.  This  is  equal  to 
$5.22  a  share,  compared  to  $4.67 
in  1958.  This  record  makes  AT&T 
the  second  U.  S.  company  4o  reach 
the  billion-dollar  profit  mark.  The 
first  was  General  Motors,  which 
earned  $1,189,477,000  in  1955.  An¬ 
other  new  record  mentioned  in  the 
AT&T  report  cites  a  gain  of  3,298,- 
000  telephones  during  1959,  bring¬ 
ing  to  nearly  58  million  the  number 
of  Bell-operated  telephones,  more 
than  80  percent  of  the  national 
total. 


2S  MOST  ACIVE  STOCKS 


WEEK 

ENDING  FEBRUARY  19 

SHARES 

(IN  lOO’s)  HIGH 

LOW 

CLOSE 

RCA 

937 

64% 

61 

64% 

RaclusM  last 

859 

76% 

67% 

74% 

UaiT  Csotrsls 

848 

15% 

13% 

15V4 

Rta  Elsctrie 

830 

90% 

85% 

89% 

DyaaMlec  Csrp  Ainer  824 

12% 

10% 

12% 

Ian  Tal  A  Tal 

800 

35% 

32 

35 

Wtitiatkaast 

777 

50% 

45% 

50% 

Area 

730 

13% 

12V4 

13% 

Sparry  RaaE 

694 

23% 

22% 

23% 

Variaa  Astac 

608 

47% 

42% 

47 

Callias  Radia 

577 

56% 

48 

56% 

Pbiica  Carp 

531 

30% 

26% 

30% 

Caa  Tal  A  Elie 

529 

77% 

75 

77 

Anvax 

444 

36% 

32% 

36% 

Littaa  lad 

412 

65% 

59% 

84% 

Raarat  Saderft 

393 

10% 

9% 

10% 

Raytkaaa 

387 

47% 

'45% 

46 

Xealtk 

378 

99% 

89% 

99% 

Taxat  last 

359 

174% 

162 

174% 

Laar  lac 

340 

17% 

15% 

17% 

lat’l  Rasistaaca 

310 

23% 

21% 

23% 

Wallliaai  Piacitiia 

307 

3% 

2% 

3 

Rta  Dyaaaiics 

303 

48% 

45% 

48% 

Laral  Elactracs 

296 

45% 

38% 

42% 

ltt*l  Ros  Htack 

285 

424% 

416 

422% 

Th«  aboTC  figures  represent  sales  ol  elearooics 
MOCKS  on  New  York  and  American  Stock 
Exchanitcs.  Liscines  are  prepared  exclusivdr  for 
EuovoNics  by  in  Haupc  ft  Co.,  ioTestmcni 


r  IN  LESS  THAN 

4  SECONDS 


FROM  THIS 


WITH  THE  REVOLUTIONARY 
PRODUCTION  AID  TOOLI 


Koat  oporatad 
Na  accassariat 
3  mliHito  ta«  ap 


$125-00 


“PIG-TAILORING” 

■  ravalMtlaMary  paw  machonical  proeass  far 
bighar  praducHoa  at  iawar  casts,  fostast 
PREPAIATION  and  ASSEMIIY  af  Rasistars, 
CapacHars,  Diadas  and  oil  athar  axial  laod 
campananH  far  TERMINAL  ROAROS,  PRINTED 
CIROlin  and  MINIATURIXED  ASSEMIIIES. 

PIG'TAIlOtlNG  •llmimmtott  •  Oiopanal  cvttan 

•  Lang  nata  pliars  •  Oparatac  iudtpnant  •  90% 
aparotar  trainlna  lima  •  Irakan  campanants  • 
R^an  lands  •  Shaft  circaits  tram  clippings  • 
4S%  chassis  handling  •  Excassiva  land  lautnass 

•  Haphoiofd  ossamhly  nMthads. 

PIG-TAILORING  pravidas;  •  Unifacm  campanant 
pasitiaa  •  Unifacm  marking  axpasara  •  Minio- 
tarixotian  spacing  canlrnl  •  “S”  lands  far  farmi- 
nals  •  “U"  lands  for  prinlad  circuits  •  Individual 
cat  and  hand  langlhs  •  Rattar  tima/rota  analysis 

•  Clasar  cast  cantral  •  Invaluahla  lobar  saving 

•  Immadiota  cast  racavary. 


Pays  for  itself  in  2  weeks 


•SPIN-PIN”® 

Claic-«R  vient  af 
"SPIH-PIH"  illaslralf 
fast  atsambly  af 
lallatid  lead  wira  la 
tatmiaal. 

•  No  Training 

•  Na  Pliars 

•  No  Clippings 

•  Uniform  Crimps 

•  22  Sixas 

PAYS  FOR  nsaF 
THI  FIRST  DAYI 


$500, 


© 

© 

© 


Wrifg  for  llluitrato'd  book  fo  Oapt.  E-3 


BRUNO-NEW  YORK  INDUSTRIES  CORP. 

DESIGNERS  &  MANUFACTURERS  Of  ELECTRONIC  EQUIPMENT 
460  WEST  34th  STREET  •  NEW  YORK  I,  N  Y 
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When  it  conies  to  SEMICONDUCTORS, 


For  the  most  complete  line  of  semiconductors . . . 

•  Westinghouse  has  perfected  the  widest  selection  of  rectifiers, 
transistors,  and  speciarsemiconductor  devices  available  in  the 
industry.  In  Silicon  power  rectifiers,  Westinghouse  is  the 
acknowledged  leader  in  the  field. 


For  the  most  dependable  semiconductor  devices . . . 

•  Every  Westinghouse  semiconductor  device  has  been  carefully 
designed,  manufactured,  and  thoroughly  tested  to  assure  long  life,  high 

reliability,  and  excellent  stability. 

For  true  voltage  ratings  in  silicon  power  transistors . . . 

•  Only  Westinghouse  2N1015  and  2N1016  silicon  power  transistors  offer 
true  voltage  ratings,  guaranteed  by  100%  power  testing— means  they  may  be  operated 
continuously  at  the  Vce  listed  provided  the  power  dissipation  of  the  transistor  is 
not  exceeded.  Other  conventional  power  transistors  derate  the  Vce  voltage 

under  comparable  conditions. 

For  new  and  unusual  ideas  in  semiconductors . . . 

•  Westinghouse  is  constantly  pioneering  in  exciting  new 
semiconductor  devices.  Among  the  latest:  a  new  50  ampere  “TRINISTOR”* 
controlled  rectifier;  new  thermoelectric  cooling  devices;  an  extremely 

rapid  and  sensitive  infrared  detector. 


For  quality,  reliability,  performance,  and  availability... 

See  Westinghouse  Semiconductors  #  Come  to  Westinghousel  For  more 

at  the  IRE  Show  information  call  your  Westinghouse  representative, 

March  21  to  24,  or  write  directly  to  Westinghouse  Electric 

Booth  1408  Corp.,  Semiconductor  Department,  Youngwood,  Pa. 

you  CAM  BE  SUR|...if  ir's^^^Stm^llOUSC 

■Westinghouse  Trademark  Westinghouse  Semiconductor  Department  C  _  J  Youngwood.  Pa. 
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tf^ 


,^i^iiL 


Standard  ractifiar  aasambtiaa  are  availabla  In  all  typaa  of  circuit 
configurations,  and  ara  dasignad  for  aithar  forcad  air  or  natural 
convaction  cooling  with  a  wTda  ranga  of  ratings.  Nickal-piatad 


convaction  cooling  with  a  wida  ranga  of  ratings.  Nickal-piatad 
coppar  piatat  and  othar  matarials  usad  in  thasa  assamblias 
have  baan  chosan  to  insura  satisfactory  parformanca  in  corro- 
Siva  atmospharas  and  high  ambiant  tamparaturas. 


tM 


Two  typas  ara  avaiiabla  in  commarcial  quantMias;  WX814 
(2.5  oz.)  and  WX816  (3.0  oz.).  Both  typas  maasura  about  an 
Inch  and  a  haif  sqwara  and  will  find  intmadiata  application  in 
cooling  garmanium  transistors,  infrarad  dstactors,  optical  sys- 
tarns,  machanical  and  alactric  Instrumants,  laboratory  and 
portabla  msdical  aquipmant,  and  ralatad  fiaids  whara  spot 
cooling  balow  ambiant  is  nacassary. 


Notsa  Equivalant 
*awar  (NCR)  Watts 


Wava-laiigUi 
Raaponsa,  Microns 


Tima  Constant. 

a  see. 


TYPICAL  LIMIT 
5xl0-»  10-'«MAX. 


TYPICAL  LIMIT 
0.1  0.2  MAX. 


2 


1 


The  typM  tktod  srs  jurt  s  smsB  sMnpiing  o(  the  cooigly  line  which  ctua  be  supplied  in  volume  quantities  for  prompt  deliveriee^ 

_ ■■  . 
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New  Tube  Shipment  Figures 


Figures  issued  by  EIA  for  1959 
and  1968,  with  percentage  gains  for 
last  year,  are  shown  below ; 

1958  1959  Gain 

(in  millions) 

Tv  Seta 

Units  produced  4.9  6.3  29.0 

Retail  unit  sales  5.1  5.7  11.8 

Total  Radios 

Units  produced  12.6  15.7  24.5 

Auto  Radios 

Units  produced  3.7  5.5  49.5 

Home  Radios 

Units  produced  8.9  10.1  14.1 

Retail  unit  sales  8.63  8.90  3.0 

Monaural  Phonos 
Factory  unit 

sales  2.9  1.3  —55.8 

Retail  unit  sales  N.A.  1.7  . 

Stereo  Phonos 
Factory  unit 

sales  1.1  3.0  174.8 

Retail  unit  sales  N.A.  2.7  . 

Tv  Picture  Tubes 

Units  produced  8.3  9.5  15.4 

Production 

value  $163.5  $183.8  12.4 

Receiving  Tubes 

Units  produced  397.4  432.9  9.0 

Production 

value  $341.9  $368.9  7.9 

N.A. — Not  Available 


Preliminary  summary  statistics 
from  the  1958  Census  of  Manufac¬ 
tures,  recently  issued  by  the  Census 
Bureau,  show  value  of  electronic 
tube  shipments  increased  145  per¬ 
cent  between  1954  and  1958 — from 
$451  million  to  $1.1  billion. 

Census  is  not  yet  able  to  deter¬ 
mine  the  value  of  shipments  for  the 
radio  and  related  products  group, 
which  includes  the  bulk  of  electron¬ 
ics  industry  products.  It  hopes  to 
unscramble  the  statistics  within  the 
next  few  months. 

However,  the  agency  reports  that 
value  added  by  manufacture  for 
this  group  was  $2.66  billion  in  1958, 
a  28-percent  increase  over  the  $2.08 
billion  reported  for  1954.  (Value 
added  is  equivalent  to  shipment 
value  less  components,  materials, 
supplies  and  contract  work.) 

Soon-to-be  issued  reports  from 
the  1958  Census  on  individual  prod¬ 
ucts  will  contain  considerable  data 
of  use  to  electronics  industry  mar¬ 
ket  planners.  Order  forms  which 
list  reports  available  may  be  ob¬ 
tained  from  Commerce  Department 
field  offices  and  from  Bureau  of  the 
Census  in  Washington,  D.  C. 


SQUARE-LOOP 
TAPE  CORES 
TO  MEET  YOUR 
TOUGHEST 
SPECIHCATIONS 


Speed  your  specs  to  Dynacor 
when  you  want  square-loop  tape 
cores  to  exact  requirements— fast! 
Here  you'll  find  a  dependable 
combination  of  personnel,  expe¬ 
rience  and  facilities— the  know¬ 
how  to  deliver  parameters  to 
your  very  tightest  tolerance  re¬ 
quirements  for  switching  time, 
flux,  and  noise. 

Dynacor  Square-Loop  Tape 
Cores  are  manufactured  with  the 
high  permeability  alloys— Grain- 
Oriented  50-50  Nickel  Iron,  4-79 
Molybdenum  Permalloy,  and 
Grain-Oriented  3%  Silicon  Iron 
.  .  .  with  fully  guaranteed  uni¬ 
formity  . . .  under  rigid  standards 
of  control  and  inspection. 

Look  to  Dynacor  for  reliable 
production  and  swift  delivery  of 
your  tape  core  requirements.  For 
your  convenience  a  full  line  of 
standard  units  are  stocked  for  im¬ 
mediate  off-the-shelf  delivery— 
Send  for  bulletins  DN  2090,  DN 
2001,  DN  2002. 


UTEST  MONTHLY  SALES  TOTALS 

(Source;  EIA) 

(Add  000) 

Dec.  Nov,  Change  From 

1959  1959  One  Year  Ago 

Rec.  Tubes,  Value  »32,a01  $31,600  +  29.0% 

Rec.  Tubes,  Units  37,248  37,211  +30.7% 

Pic.  Tubes,  Value  $15,941  $16,059  +26.1% 

Pic.  Tubes,  Units  817  841  +25.9% 

Transistors,  Value  $22,820  $22,743  +37.5% 

Transistors,  Units  7,826  7,847  +39.1% 


•  Semiconductor  high-power  field 
may  grow  to  major  dimensions, 
said  Dr.  Guy  Suits,  GE  vice  presi¬ 
dent  and  director  of  research,  at  the 
1960  Solid-State  Circuits  Confer¬ 
ence.  Two  very  important  power 
capabilities  have  recently  come  into 
practical  use — silicon  power  recti¬ 
fiers  and  silicon  controlled  power 
rectifiers.  They  are  adding  new 
dimensions  to  industrial  power  tech¬ 
nology,  he  claims.  A  sizeable  mar¬ 
ket  for  semiconductor  thermojunc¬ 
tions  for  power  generation  and  for 
refrigeration  is  more  distant,  he 
says,  but  shows  significant  promise. 


•  Electronic  Industries  Associa¬ 
tion  reports  1959  production  and 
sales  totals  on  tv  and  radio  sets, 
phonographs,  picture  tubes  and  re¬ 
ceiving  tubes.  Gains  over  1958  lev¬ 
els  were  registered  by  all  product 
groups  except  monaural  phonos.  Tv 
sets,  total  radio,  auto  radio  and 
stereo  phonos  made  the  biggest 
gains,  all  over  20  percent. 


1960 -• 

Source  EIA 


1959 


DYNACOR,  INC. 

A  SUBSIDIARY  OF  SPRAGUE  ELECTRIC  CO. 

1006  WESTMME  AVENUE  •  R8CKVILLE.  MAIVLAHD 
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The  all-new  Moseley  Model  80A  Strip-Chart  Recorder 
is  a  precision  instrument  providing  greater  versatility 
and  convenience  than  any  commercial  strip-chart  re¬ 
corder  previously  available. 

Model  80A  gives  you  instant  selection  —  through 
transistor  switching  —  of  6  chart  speeds.  All  other 
function  controls  are  grouped  in  a  newly  convenient 
array  on  one  front  panel.  The  input  range  of  5  mv  to 
100  V  is  covered  in  10  steps,  or  by  vernier  for  com¬ 
pletely  continuous  span  voltage  control.  Input  resist¬ 
ance  is  200,000  ohms/v  through  10  v,  2  megohms  on 
higher  ranges.  Full  range  zero  set,  pen  speeds  to  0.25 
sec  full  scale,  chopper  amplifier,  standard  120'  rolls. 
For  19"  relay  rack.  $1,750.00. 


Glass  door  protects  chart;  ball-bearing  carriage 
rolls  out  for  easy  chart  or  circuit  access 


Six  chart  speeds,  2,  4,  6,  8,  15  and  60  in/min 
selected  instantly  by  front  panel  push  buttons. 


SEE  YOUR  MOSELEY  REPRESENTATIVE  OR  WRITE 
DIRECT  FOR  DETAILS 

Pioneer  and  leader  in  X-Y  and  Strip-Chart  Recorders 

A  U  T  O  G  R  A 


NEW!  TYPE  F-2  LONG-STRIP  CURVE  FOLLOWER 

New-concept  curve  follower  tracks,  converts  ordinary  re¬ 
corded  trace  to  electrical  energy;  requires  no  metallic 
inks  or  re-drawing.  Employs  unique  photoelectric-oscil¬ 
lating  mirror  principle;  permits  digital  output  for  tapes, 
cards,  etc. 


F.L.  MOSELEY  CO. 

Dept.  A-3,  409  N.  Pair  Oaks  Ave.,  Pasadena,  California 
Murray  1-0208  TWX  PASA  CAL  7687 

Field  representatives  in  all  prirKipal  areas 
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5iant  antanna  raflaeter  bulk  by  0.  S.  Kannady  it  part  of 
SE't  turvaillanca  radar  syttam  watching  Arctic  tkiat  from 
}MEWS  skat  in  Graaniand  and  Aiatko 


Debate: 

Defense 

Orders . . 
Or  Cuts? 


Here's  where  the  military  con¬ 
troversy  stands  this  week  — 
and  what  it  means  to  us 


WASHINGTON — The  great  na-  supremacy  to  Russia.  tionally  deployed  —  comprising  an 

tional  debate  over  military  policy,  Critics  base  their  argument  on  arsenal  of  270  missiles.  By  this 

though  limited  to  the  political  the  so-called  “missile  gap,”  a  period  time,  the  Russians  are  expected  to 

arena,  has  important  overtones  for  during  the  next  few  years  when  the  have  at  least  double  that  number  of 

the  electronics  industry.  Russians  will  have  so  many  more  ICBMs. 

As  a  $6-billion-a-year  supplier  to  ICBMs  that  they  could  theoretically  The  Administration’s  policy  is  to 
the  Pentagon,  the  industry  holds  a  wipe  out,  instantaneously,  most  if  offset  the  Soviet  quantitative  mis- 
key  position  in  arms  production,  not  all  sources  of  U.  S.  retaliatory  sile  lead  with  a  diversified  U.  S. 
And  as  the  transition  from  conven-  striking  power — missile  and  bomber  arsenal  of  nuclear  strike  forces, 
tional  weapons  to  space  age  arma-  bases  here  and  abroad.  This  is  centered  on  manned  bomber 

ment  systems  speeds  up,  the  elec-  The  administration  concedes  forces. 

tronics  role  in  weaponry  grows  ever  there  will  be  a  missile  gap  over  the  We  have  some  500  B-52  long- 
more  dominant.  next  three  years  at  least.  range  jet  bombers  (almost  200  more 

Every  twist  and  turn  in  the  de-  As  schedules  now  shape  up  for  will  be  built)  and  about  1,200  B-47 
fense  debate,  therefore,  could  be  production  of  “first-generation”  At-  medium-range  planes, 

translated  into  terms  of  new  orders  las  and  Titan  liquid-fueled  ICBMs,  Against  this  air  armada  the  S-o- 
— or,  conversely,  cuts  —  for  elec-  the  U.  S.  will  have  some  60  in  mid-  viets  can  probably  stack  up  no  more 
tronics  producers.  1961,  compared  to  roughly  150  for  than  250  intercontinental  bombers 

The  Eisenhower  Administration  the  Soviet  Union;  about  180  in  mid-  and  not  many  more  than  500  me- 
argues  that  the  U.  S.  defense  pos-  1962  compared  to  350-400  for  Rus-  dium-range  jets, 
ture  is  adequate.  The  critics — Con-  sia;  and  200-250  in  mid-1963,  com-  We  also  have  roughly  600  Navy 
gressional  Democrats,  military  pro-  pared  to  400-500  for  Russia.  attack  planes  on  carriers  prowling 

fessionals,  and  other  experts — say.  In  1964,  all  the  27  scheduled  Atlas  the  seas  within  range  of  Soviet  tar- 

no,  that  the  U.  S.  is  losing  military  and  Titan  squadrons  will  be  opera-  gets  and  at  least  700  Air  Force  light 
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bombers  or  fighter-bombers  poised 
close  to  the  Iron  Curtain. 

The  Pentagon’s  objective  is  to 
lengthen  the  oi>erational  life  of 
manned  bombers  with  stand-off  air- 
to-ground  missiles — first  the  jet- 
powered  Hound  Dog,  later  the  Sky 
Bolt  ballistic  rocket. 

Other  key  elements  of  the  U.  S. 
deterrent : 

•  106  Thor  and  Jupiter  IRBMs 
already  operational  or  to  be  de¬ 
ployed  shortly  in  Great  Britain, 
Italy  and  Turkey. 

•  The  Polaris  missile-submarine 
fleet — to  grow  from  two  operational 
vessels  later  this  year  to  15  within 
the  next  four  years  and  eventually 
(the  Navy  hopes)  to  45  vessels. 

No  possible  Soviet  surprise  at¬ 
tack,  say  administration  leaders, 
could  wipe  out  this  tremendous  re¬ 
taliatory  force  in  one  blow.  An 
attack  on  us  would  mean  nuclear 
devastation  of  Russia. 

The  U.  S.  deterrent  will  become 
bolstered  in  1963  when  the  first 
solid-fueled  Minuteman  ICBMs 
reach  the  operation  stage.  These 
missiles  will  be  set  up  in  under¬ 
ground  launchers  and  on  mobile  rail 
cars  to  make  them  less  vulnerable 
to  attack. 

There’s  another  element  in  the 
Administration’s  calm  acceptance 
of  quantitative  ICBM  inferiority: 
Our  strategy  is  geared  to  deterrence 
through  the  threat  of  retaliation. 
The  Russians  need  greater  numbers 
of  missiles  to  clobber  most  if  not 


SMEWS  computer  complex  (Sylvania)  onolyx**  radar  ocheot  to  soparoto  random  noito 
from  onomy  mntilo* 


ill  our  warmaking  facilities  to  de-  of  the  most  effective  means  of  in- 
itroy  or  at  least  soften  our  retalia-  suring  invulnerability  of  our  re- 
;ory  capability.  taliatory  strength. 

U.  S.  deterrence  can  be  main-  The  key  to  the  U.  S.  deterrent  is 
:ained.  Administration  spokesmen  warning  —  U.  S.  nuclear  strike 
ivill  tell  you,  with  smaller  numbers  forces  must  be  assured  of  adequate 
jf  nuclear  weapons — just  enough  to  alert  time  to  launch  a  retaliatory 
retaliate  primarily  against  Russian  blow.  Critics  argue  that  insufficient 
centers  of  populations,  not  neces-  funds  are  earmarked  for  develop- 
larily  against  the  growing  number  ment  and  production  of  warning 
of  Soviet  missile  bases,  submarine  systems. 

pens,  and  other  strategic  sites.  Many  critics  are  also  dissatisfied 

Critics  see  two  glaring  deficien-  with  U.  S.  efforts  on  the  active  de¬ 
fies  in  this  confident  appraisal.  fense  side — the  development  of  an 
First,  they  believe  the  Russians  anti-ICBM  system.  The  controversy 
could  conceivably  wipe  out  instan-  rages,  notably,  over  whether  or  not 
taneously  the  bulk  of  our  retalia-  the  Army’s  Nike-Zeus  is  a  suitable 
tory  power.  Gen.  Thomas  Power,  enough  system  to  justify  produc- 
Strategic  Air  commander,  warns  tion.  The  verdict  seems  to  be  no. 
that  150  Russian  ICBMs  and  160  There  is  great  di.sagreement  over 
IRBMs  could  knock  out  in  one  blow  the  Administration’s  sense  of  ur- 

the  100  or  so  fixed  U.  S.  bases  here  gency  in  the  race  for  space.  Indeed, 

and  abroad  from  which  we  can  the  president  refuses  to  accept  the 
launch  nuclear  retaliation.  concept  of  a  “race”.  He  has  meticu- 

Critics  believe  Russia  might  be  lously  separated  astronautic  proj- 
tempted  to  grimly  accept  a  limited  ects  into  neatly  classified  military 

retaliatory  blow  from  surviving  and  civilian  types  and  has  clamped 

U.  S.  striking  forces  in  return  for  severe  monetary  controls  over  both, 
total  devastation  of  the  continental  Critics — and  these  include  top 

U.  S.  officials  within  the  Administration 

A  .second  factor  which  disturbs  — are  infuriated  over  the  presi- 
critics  is  this:  That  while  the  Ad-  dent’s  approach, 
ministration  lays  great  stress  on  There  is  serious  disagreement 
reliance  on  manned  bombers,  it  has  over  the  Eisenhower  Administra- 
virtually  gutted  development  of  the  tion’s  emphasis  on  budgetary  con- 
B-70  successor  to  the  B-52,  trimmed  siderations  in  the  formulation  of 
output  of  the  B-58  succes.sor  to  the  defense  policy. 

B-47,  and  dragged  its  feet  on  the  Critics  keep  ticking  off  what  they 
question  of  a  continuous  airborne  see  as  gaps  in  the  defense  program : 
bomber  alert.  not  enough  ICBM  production  and 

Many  experts — such  as  Gen.  development,  not  enough  Polaris 
Power — see  the  bomber  alert  (some  missile  subs,  etc. 

100  aircraft  always  aloft)  as  one  The  debate  continues. 


Nino-foot  Klyttroii  tubo*  (modo  by  Eitob 
McCuHoufh  and  Varian)  aro  uMd  in 
BMEWS  survoillanco  radar  tyttom 


PUTTING  MAGNETICS  TO  WORK 


Smaller  filters  ease  the  squeeze! 

Filter  designers!  First  160-mu  moly-permalloy 
powder  cores  pack  high  performance  into  smaller  space 


Filter  and  inductor  designers  specify  our  160-mu  moly- 
jiermalloy  |>ow’der  cores  for  low  frequency  applications. 
Where  space  is  precious,  such  as  in  carrier  equipment 
and  telemetering  filters,  the  high  permeability  of  these 
16U-inn  cores  cases  the  squeeze. 

In  many  cases,  160-mu  cores  offer  designers  the  choice  of 
a  smaller  core.  In  others,  because  inductance  is  28  per¬ 
cent  higher  than  that  of  1 25-mu  cores,  at  least  10  jjercent 
fewer  turns  are  needed  to  yield  a  given  inductance. 

If  Q  is  the  major  factor,  160-mu  cores  ptermit  the  use  of 
heavier  wire  with  a  resultant  decrease  in  d-c  resistance. 


Like  all  of  our  moly-permalloy  powder  cores,  the  160’s 
come  with  a  guaranteed  inductance.  We  can  ship  eight 
sizes  from  stock,  with  a  choice  of  three  finishes— stand¬ 
ard  enamel,  guaranteed  1,000- volt  breakdown  finish,  or 
high  temperature  finish.  Further  information  awaits 
your  inquiry.  Magnetics  Inc.,  Dept.  E-78,  Butler,  Pa. 


mRBnencs  tne. 
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Consistently  Dependable  Capacitors 


SOLTAN 


Cornell-Dubilier’s 

truly 

dry 

tantalum 

capacitors 

for 

transistorized 

circuits 


Subminiature  Solitan  capacitors  —  truly  dry,  solid- 
state  electrolytic  capacitors  by  Comell-Dubilier  —  are 
specifically  designed  for  transistorized  applications  in 
computer  and  military  circuits.  Immediately  available  in 
production  quantities,  Solitan  capacitors  offer  these  out¬ 
standing  advantages;  wide  useful  temperature  diarac- 
teristics;  remarkable  stability  of  capacitance  with  time 
and  temperature;  freedom  from  corrosion  and  service 
aging;  unusual  resistance  to  shock  and  vibration;  in¬ 
definite  shelf  life;  low  dc  leakage;  low  dissipation  factor. 
For  engineering  assistance  and  complete  data  on  C-D 


Solitan  tantalum  capacitors,  write  for  Bulletin  537 
to  Comell-Dubilier  Electric  Corporation,  South  Plain- 
field,  New  Jersey.  Manufacturers  of  consistently  depend¬ 
able  capacitors,  filters  and  networks  for  electronics,  ther¬ 
monucleonics,  broadcasting  and  utility  use  for  50  years. 

SPECIFICATIONS  AND  FEATURES 

•  Ratings  up  to  6.0  mfd.  at  35  voits  DC  Working,  or  60.0  mfd. 
at  6  volts.  •  Wider  useful  temperature  characteristics  within 
range  of  — 80*C  to  4- 85*C.  •  Freedom  from  corrosion  and 
leakage.  •  Extremely  small  size.  •  Remarkable  stabUity  of 
capacitance  with  time  and  temperature.  •  Metal  cased, 
hermetically  sealed. 


CORNELI.- DUBII.IER  ELECTRIC  CORPORATION 

AFFILIATED  WITH  FEDERAL  PACIFIC  ELECTRIC  COMPANY 
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Oscilloscopes  Go  Digital 

Direct  readout  of  amplitude  and  duration  of  pulse  signals  reduces 
operator  errors#  cuts  measurement  time 


Recently  introduced  oscilloscope 
now  makes  possible  direct  digital 
readout  of  amplitude  and  duration 
factors. 

Interpretation  of  scope  presenta¬ 
tions  has  been  an  engineering  time- 
stealer  since  the  cathode-ray  oscil¬ 
loscope  was  invented.  Increasing 
use  of  test  instruments  by  less 
skilled  operators  has  put  pressure 
on  cro  designers  to  make  readout 
foolproof.  DuMont’s  type  425  oscil¬ 
loscope  (Electronics,  p  11,  Feb. 
5)  presents  amplitude  and  duration 
data  in  digital  form,  reducing  both 
data-taking  time  and  the  chance  for 
error. 

The  DuMont  development,  and  re¬ 
lated  work  in  other  laboratories,  fits 
into  the  general  trend  toward  digi¬ 
tal  test  equipment. 

Reduction  of  errors  arising  from 
interpolation — or  interpretation — 
is  the  principal  advantage  of  digi¬ 
tal  presentation.  It  also  eliminates 
the  parallax  problem,  improving  the 
accuracy  and  the  repeatability  of 
readings. 

Operation 

Two  dots  which  appear  on  the 
scope  with  the  signal  to  be  tested 


are  positioned  over  the  signal  to  de¬ 
rive  measurements  (see  1-col 
photo) .  A  joystick-type  positioning 
control  is  used  to  move  both  dots 
until  the  index  dot  (at  left  in  the 
picture)  is  positioned  over  the  de¬ 
sired  reference  point  on  the  signal. 

Then  two  sets  of  three  lO-position 
thumbswitches,  one  for  controlling 
vertical  movement  and  one  for  hori¬ 
zontal,  are  used  to  place  the  right- 
hand  scaling  dot  at  the  other  meas¬ 
urement  point.  Vertical  displace¬ 
ment  between  index  and  scaling  dots 
is  read  out  as  amplitude  in  milli¬ 
volts  or  volts;  horizontal  displace¬ 
ment  is  interpreted  as  duration  in 
microseconds,  milliseconds  or 
seconds. 

Each  decimal  place  of  the  three- 
place  readout  is  controlled  by  one 
thumbswitch  control.  Each  thumb- 
switch  operates  a  precision-resistor 
decade  in  a  passive  attenuator  cir¬ 
cuit.  Manipulating  the  controls 
turns  associated  digit-wheel  dis¬ 
plays,  which  provide  the  digital 
data.  The  waveform  undergoing 
measurement  can  be  moved  by 
means  of  another  joystick-type  con¬ 
trol. 

After  original  setup  by  an  engi¬ 


neer,  semiskilled  production  work¬ 
ers  can  operate  the  scope,  since  they 
need  to  perform  only  simple  manip¬ 
ulations  of  relatively  few  controls, 
and  to  take  readings  directly  from 
digital  dials. 

Dot  Circuits 

The  two  dots  are  positioned  by 
square  waves  which  are  time-shared 
into  the  X  and  Y  axes  alternately 
between  sweeps.  Blanking  circuits 
are  used  to  eliminate  rise  and  fall 
transients. 

Heart  of  the  circuit  is  a  stable 
d-c  supply  whose  output  is  chopped 
into  square  waves  of  383  cps  and 
modulated  30  cps  by  a  multivi¬ 
brator.  Top  of  the  square  wave  is 
held  within  0.1-percent  tilt.  The  re¬ 
sult  is  two  stable  square  waves,  110 
V  in  amplitude  and  of  opposite 
phase,  one  for  horizontal  position, 
the  other  for  vertical. 

The  two  square  waves  are  then 
attenuated  under  the  control  of  the 
thumbswitches.  The  passive  attenu¬ 
ator  is  designed  to  present  a  con¬ 
stant  impedance  to  the  source.  From 
the  attenuator,  the  two  signals  go 
to  the  X  and  Y  amplifiers.  Accuracy 
of  dot  positioning  depends  only  on 
the  stability  of  the  d-c  supply. 

The  defiection  potential  which 
provides  the  baseline  from  which 
the  square-wave  signals  operate  is 
controlled  by  the  indexing  joystick- 
type  control.  This  control  consists 
of  a  ball-joint  mounted  rod  which 
makes  contact  with  forked  arms 
connected  to  two  potentiometers. 
The  potentiometers  adjust  the  base¬ 
line  deflection  potential;  thus, 
vertical  or  horizontal  movement  of 
the  joystick  causes  vertical  or  hori¬ 
zontal  movement  of  both  dots,  and 
intercoordinate  movement  of  the 
joystick  produces  corresponding  dot 
movement. 

Rise  and  Fall  Times 

A  further  sophistication  permits 
the  automatic  measurement  of  rise 
and  fall  times.  A  pushbutton  on  the 
panel  face  inserts  a  resistor  in 
series  with  the  thumbswitch  cir- 


At  EtMx  EI««tronict,  B«rk«l«y  Haights,  N.  J.,  producHon-chacking  of  dalay  tima,  risa  time 
and  ottanwotion  of  distributad-constont  dalay  linat  it  tpaadad 
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cuit  which  results  in  a  20-percent 
reduction  in  peak-to-peak  amplitude 
of  the  vertical  square  wave.  This 
reduced  signal  is  fed  through  a 
cathode  follower  to  a  peak  detector, 
w’hich  produces  a  signal  propor¬ 
tional  to  the  square-wave  peak 
value. 

The  original  vertical  square-wave 
from  the  attenuator,  and  the  signal 
proportional  to  the  peak  value  of 
the  reduced  square-wave,  are  ap¬ 
plied  to  a  Y  amplifier  with  a  double- 
ended  input  and  added  together. 
The  resulting  deflection  signal  posi¬ 
tions  the  dots  precisely  10  percent 
below  and  above  the  maximum  and 
minimum  points  of  the  trace.  The 
pattern-control  joystick  is  used  to 
position  the  rise-  or  fall-time  line 
over  the  index  dot ;  then  the  thumb- 
switches  are  adjusted  to  position 
the  .scaling  dot  over  the  line  and 


Hermes  Solid  State 


for  converting  any  4  bit  code 
to  decimai  iiiuminated  dispiay 


ind«x  dot,  Mt,  and  scaling  dot,  right, 
when  positionod  on  wovoform,  moosuro 
voltogo  omplitudo,  signal  duration 


the  time  is  read  out  directly  to 
three-place  accuracy. 

New  Cathode-Ray  Tube 

DuMont’s  electron-tube  division 
produced  a  new  type  of  crt  for  the 
scope.  The  tube  presents  a  5  x  10 
cm  display;  because  of  higher-than- 
usual  phosphor  sensitivity,  a  12,000- 
V  acceleration  potential  permits  film 
oscillographs  equivalent  to  those 
which  are  obtained  with  24,000-v 
.systems. 

Modular  units  used  in  manufac¬ 
turing  the  425  can  be  interchanged 
with  corresponding  modules  on 
other  scopes  of  the  same  type.  Two 
plug-in  cavities  permit  insertion  of 
various  types  of  X  and  Y  circuits 
for  multiple  functions  and  increased 
versatility. 

Electron  tubes  u.sed  throughout 
have  a  mean-time-to-failure  rating 
of  10,000  hours. 

Readout  accuracy  of  the  instru¬ 
ment  is  two  percent.  Operating 
range  is  from  d-c  to  60  Me,  down  3 
db  at  35  Me. 


Btnory  to  Docimol 
Convortor,  Modol  260, 
thown  approx.  iixo 


(Nixio  Bulb 
not  includod) 

Discounts  for 
quantity  purchases 


NO  FALSE  READOUTS 

Relays  and  tubes  eliminated 


MAXIMUM  RELIAULITY 

lOOy*  solid  state  circuitry 


LONG  USEFUL  UFE 

No  preventive  maintenance  required 


OPERATIONAL  FLEXIBIUTY 

Variety  af  four  bit  codes  can  be  converted 


LATCHING  CIRCUITS 

Provide  memory  for  binary  information 


Write  for  Technical  Bulletin  260 
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IN  HEXIUE  SHAFTS 


Tips  on  better 
designing  with 
fiexibie  shafts 
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Where  to  use 
S.  S.  White 
Standard 
Flexible 
Shafts 
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DRIVE  AND  CONTROL  lOEAS 
FOR  ENGINEERS 


Selection  of  S.  S.  White  standard  flexible 
shafts:  complete  description  and  application  ^ 
data  available.  Write  for  bulletin  5W1. 

4 

WRITE  FOR  COMPLETE  DATAI  < 

Selection  of  specialized  flexible  shafts  to  meet 
unusual  raquirements:  useful  shaft  data  and  also 
information  on  how  to  take  advantage  of 
S.  S.  White  engineering  services.  Write  for 
bulletin  5601. 


REMOTE  CONTROL  of  valves,  actuators, 
switches,  indicators  and  other  mechanical  or 
electrical  equipment.  S.  S.  White  standard 
remote  control  flexible  shafts  come  in  four 
different  shaft  diameters  to  handle  a  wide 
range  of  requirements. 


POWER  DRIVE  for  an  endless  variety  of  appli¬ 
cations  . . .  portable  tools,  instrument  drives, 
machine  tools,  pumps ...  anywhere  the 
designer  needs  to  transmit  power  around 
obstructions  or  to  movable  parts,  by  means  of 
a  single,  self-contained,  easily  applied  unit. 
Four  standard  sizes. 


S.  S.  WHITE  INDUSTRIAL  DIVISION  (Dept.  E) 
10  Eist  40th  Street,  New  York  16,  N.Y. 


More  Savings  with  Ready-to-Attach 
S.  S.  White  Standard  Fiexibie  Shafts 


NEW*  EXTRA-HEAVY-DUTY  SHAFT 
ADDED  TO  "OFF-THE-SHELF”  LINE 

Here’s  a  time  and  money  saving  idea... the 
majority  of  flexible  shaft  needs  can  be  met 
with  ready-to-attach  S.  S.  White  standard  flexi- 
ibie  shafts. 

This  line  has  been  recently  expanded  by 
the  addition  of  the  .500"  dia.  standard  shaft 
to  handle  extra-hea'^  loads. 

Flexible  shafts  allow  you  to  simplify  design 
. . .  position  controls  and  driven  parts  to  best 
advantage... eliminate  expensive  gears,  uni- 


versals,  rods  and  costly  alignment  problems. 

S.  S.  White  standard  flexible  shafts  are  low 
in  cost  and  readily  available  because  they  are 
stock  items.  They  save  you  engineering  time 
because  the  designing  has  already  been  done 
for  you  by  S.  S.  White,  first  name  in  flexible 
shafts.  They  come  complete  and  ready  to 
attach  directly  to  your  mating  spindle. 

Another  plus!  Convenient,  low^ost,  readily 
available,  S.  S.  White  standard  flexible  shafts 
are  the  ideal  way  to  test  the  advantages  of 
flexible  shafts  in  your  products. 


50  Antennas  to  Track  Astronaut 


First  Project  Mercury 
antennas  slated  for 
mid-year  tests 


First  antennas  for  Project  Mer¬ 
cury’s  tracking:  and  telemetry  sys¬ 
tems  are  tentatively  scheduled  for 
mid-year  delivery  and  tests  at  Wal¬ 
lops  Island,  Va. — well  in  advance 
of  the  September  1960  to  December 
1961  targret  period  for  launching: 
the  first  Mercury  man-in-space  cap¬ 
sule. 

Underwood  Corporation’s  Canogra 
subsidiary,  in  Van  Nuys,  Calif., 
reports  it  has  received  a  $l-million- 
plus  contract  for  the  design  and 
manufacture  of  all  ground-based 
telemetry,  communications  and 
command  control  antennas  for 
Mercury.  Canoga  expects  that  most 
of  its  work  will  be  completed  by 
the  end  of  this  year. 

At  the  same  time  it  was  reported 
that  the  San  Diego  facility  of 
Stromberg-Carlson,  the  Rochester, 
N.  Y.-headquartered  division  of 
General  Dynamics,  will  design, 
build  and  install  Mercury’s  monitor 
and  control  display  system  at  Cape 
Canaveral,  Fla.  S-C  is  working 
under  subcontract  to  Bell  Telephone 
Laboratories.  Western  Electric 
heads  the  team  responsible  for  the 
global  instrumentation  and  com¬ 
munications  network. 

How  Antennas  Work 

Some  50  antenna  systems  are 
called  for  in  the  program,  including 
13  automatic  tracking  quad-helix 
antennas  to  be  used  for  acquisition 
aid  tracking  of  vhf  telemetry  sig¬ 
nals. 

Tracking  stations  will  be  situated 
at  Bermuda,  Australia,  Hawaii, 
White  Sands,  N.  M.,  a  West  Coast 
location.  Cape  Canaveral  and  Eglin 
AFB,  Fla.,  among  others. 

Here’s  how  the  antenna  systems 
will  work: 

Tracking  antennas  will  feed  angle 


QwocMmKx  antannas  lilia  this  will  b«  utad  in  tracking  and  communicating  wMi  U.  S.  man 
in  tpaca 


data  to  slaved  radars,  communica¬ 
tions  and  command  antennas,  and 
computers  whose  function  will  be  to 
provide  down-range  orbital  extrap¬ 
olations  and  predict  subsequent 
orbits. 

Tracking  radars  and  associated 
steerable  antenna  systems  along  the 
astronaut’s  expected  orbit  will  be 
positioned  by  means  of  the  com¬ 
puter  output  until  such  time  as  the 
acquisition  aid  antennas  are  track¬ 
ing.  The  company  says  the  antennas 
will  use  a  phase-comparison  simul- 
taneous-lobing  technique. 

When  not  tracking,  the  acquisi¬ 
tion  aid  antennas  will  be  slaved  to 
tracking  radars  and  used  only  to 
receive  telemetry  signals. 

Scientists  at  Boulder  Laborato¬ 
ries,  National  Bureau  of  Standards, 
Boulder,  Colo,,  will  be  responsible 
for  recommending  the  most  reliable 
radio  paths  to  relay  vital  tracking 
data  on  the  capsule  back  to  com¬ 
puters. 

Quad-helices  will  be  used  for  re¬ 
ceiving  both  voice  and  telemetry 
signals.  Another  antenna  group  is 
part  of  the  command  control  and 
voice  transmitting  system ;  four 


outboard  helices  will  operate  in  the 
200-300-Mc  range  for  voice  trans¬ 
mission  and  four  inboard  helices  in 
the  400-Mc  range  will  be  used  for 
command  control  transmission. 

Control  Display  System 

Flight  information  from  the 
tracking  and  telemetry  stations  and 
computers  will  be  monitored  and 
displayed  in  a  40-ft  by  60-ft  room. 
A  wall  map  at  one  end  will  show 
the  astronaut’s  orbital  flight  paths ; 
it  will  also  indicate  the  ground  sta¬ 
tions  and  the  ranges  of  their  track¬ 
ing  radars  and  communications 
with  the  capsule.  A  communications 
failure  at  any  station  will  appear 
on  the  display. 

Special  consoles  for  the  chief 
flight  surgeon,  capsule  communi¬ 
cator  and  others  will  operate  in 
front  of  the  wall  map,  providing 
them  with  the  displays  and  controls 
for  their  assigned  tasks.  A  flight 
director  at  a  master  console  will  co¬ 
ordinate  all  operators,  with  NASA, 
Air  Force  and  Navy  officials  as  ob¬ 
servers.  Smaller  displays  will  be 
provided  for  other  operational  per¬ 
sonnel 
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FOI  CONTINUOUS  OPERATION  AT 
HOTTEST  SPOT  TEMPERATURES; 


WorMwid*  Mmmunicotient  n«l  and  two  computort  ceordinoto  Dofonto  Doportmont't  Spoco- 
woich  program* 


BEDFORD,  MASS. — Keeping  tabs 
on  all  the  satellites  in  the  sky  is  the 
job  of  the  National  Space  Surveil¬ 
lance  Control  Center,  which  was 
dedicated  recently  at  nearby  Hans- 
com  AFB. 

The  new  facility,  key  coordinat¬ 
ing  point  for  the  joint  Army-Navy- 
Air  Force  space  surveillance  pro¬ 
gram,  uses  two  general-purpose 
computers  and  a  complex  communi¬ 
cations  web  to  support  the  Defense 
Department’s  space-watch. 

Two  days  after  the  dedication, 
Washington  announced  the  exist¬ 
ence  of  a  "mystery”  satellite  that 
is  orbiting  the  earth  in  a  polar 
orbit.  The  Center  here  has  been 
keeping  track  of  it,  but  would  not 
reveal  at  this  time  when  first  it  was 
picked  up. 

Speaking  at  the  dedication,  Lt. 
Gen.  Bernard  A.  Schreiver,  chief 
of  the  Air  Research  &  Development 
Command,  stressed  the  nation’s 
need  to  know  at  all  times  what  ob¬ 
jects  are  in  the  sky.  As  satellites 
are  launched  with  military  value 
for  surveillance,  warning,  commu¬ 
nications,  navigation  and  meteoro¬ 
logy,  he  said,  "it  will  be  even  more 
urgent  to  know  exactly  what  they 
are  and  where  they  are.” 

Eventually,  Schreiver  suggested, 
the  Center  here  will  be  tied  in  with 
the  operational  aspects  of  satellites 
and  space  vehicles.  Automatic  input 


to  the  computers  from  observation 
stations  will  ultimately  permit  or¬ 
bital  computations  in  real  time, 
with  the  further  possibility  of  com¬ 
puting  control  data  for  powered 
vehicles. 

Sole  Responsible  Agency 

The  Center  will  be  sole  U.  S. 
agency  responsible  for  keeping 
track  of  artificial  orbital  bodies — 
including  rockets,  boosters,  and 
anything  else  that  goes  into  orbit — 
from  the  time  of  launch  until  decay 
or  landing.  "We  never  abandon  a 
satellite,”  says  an  officer  of  the 
Center.  "The  only  way  you  can  tell 
when  there’s  a  new  one  is  to  keep 
track  of  all  the  old  ones.” 

Information  comes  into  the 
Center  via  commercial  telegraph 
and  teletypewriter  services,  mili¬ 
tary  AirComNet,  and  direct  private¬ 
line  network  to  seventeen  major 
satellite  observation  points,  includ¬ 
ing  Cape  Canaveral,  the  Millstone 
Hill  radar.  National  Aeronautics  & 
Space  Administration’s  space  opera¬ 
tions  control  center  in  Washington, 
and  the  Smithsonian  Astrophysical 
Observatory  in  Cambridge,  Mass. 

On  the  first  floor  of  the  Center, 
an  IBM  709  system,  aided  by  a 
smaller  IBM  610  computer,  figures 
out  orbits,  corrects  and  updates 
orbital  predictions  with  new  data, 
and  estimates  future  satellite  posi- 


For  continuous  oporotion  at  hot¬ 
test  spot  temperatures  up  to 
200*C  (392'’F)  and  up  to 
250*C  (482  *F)  for  short  periods 
of  time— depend  upon  TETROC 
—an  all  Teflon-insulated  wire 
available  in  both  single  and 
heavy  coatings. 

CEROC  is  Sprague's  recom¬ 
mendation  for  continuous  oper¬ 
ation  at  hottest  spot  tempera¬ 
tures  up  to  250”C  (482*F)  and 
up  to  300*C  (SZR^F)  for  short 
periods  of  time.  Ceroc  has  a 
flexible  ceramic  base  insulation 
with  either  single  silicone  or 
single  or  heavy  Teflon  overlays. 
The  ceramic  base  stops  "cut- 
through"  sometimes  found  in 
windings  of  all-fluorocarbon 
wire.  Both  Tetroc  and  Ceroc 
magnet  wires  provide  extreme¬ 
ly  high  space  factors. 

Write  for  Engineering  Bulle- 
tins  405  (Tetroc  Wires)  and 
400A  (Ceroc  Wires). 
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Satellites 

tions  and  lifetimes. 

Twice  a  month  the  Center  pre¬ 
pares  and  issues  satellite  situation 
reports  which  are  distributed  all 
over  the  world.  Bulletins  to  the 
observation  stations  provide  time- 
of-passage  estimates;  for  those  ob¬ 
servation  points  using  equipment 
with  limited  field  of  view,  the 
Center  also  provides  look  angles. 

The  Center  and  directly  affected 
stations  can  set  up  a  confex'ence 
hookup  during  countdown,  launch, 
postlaunch  or  decay  phases  of  any 
satellite  lifetime  where  necessary. 
One  near-future  addition  to  the 
$500,000  Center,  besides  the  on-line 
automatic  input  equipment,  will  be 
a  cryptographic  center  for  the 
handling  of  classified  information. 

Army  Operating 
New  Relay  Link 

Mid-continent  link  in  Army’s 
worldwide  communications  network 
is  now  operational  at  Fort  Leaven¬ 
worth,  Kansas. 

Capable  of  handling  200,000  mes¬ 
sages  a  day,  the  Midwest  Relay 
Station  is  the  second  and  largest 
built  of  three  scheduled  to  go  into 
service  in  the  U.  S.,  Army  says. 
The  first,  at  Camp  Davis,  Calif., 
began  operation  in  1956  and  the 
third  is  being  completed  at  Fort 
Detrick,  Md. 

The  new  $10-miliion  station  uses 
completely  automatic  message 
switching  instead  of  the  manual 
tape  relay  method.  This  permits 
receiving,  processing,  and  retrans¬ 
mitting  messages  through  the  sta¬ 
tion  without  human  intervention. 

Principal  developers  and  sup¬ 
pliers  of  communications  and  elec¬ 
tronic  equipment  for  the  station, 
according  to  Army,  are  Klein- 
schmidt  div.  of  Smith-Corona  for 
teletypewriter  equipment,  and  Au¬ 
tomatic  Electric  for  automatic 
switching  and  routing  gear. 

The  station  is  operated  by  the 
U.  S.  Army  Communications  Agency 
and  serves  as  an  economical  focal 
point  through  which  domestic  gov¬ 
ernment  installations  can  conduct 
routine  business. 


Miniature 

Dual-Dielectric 

Capacitors 

for  125  C  Operation 

Without  Derating 


An  improved  version  of  Sprague 
Electric’s  famous  Prokar*  line  of 
molded  tubular  paper  capacitors 
has  just  been  announced  by  the 
company  as  offering  circuit  design¬ 
ers  small  capacitors  with  improved 
humidity  resistance  for  125  C  oper¬ 
ation  in  military,  commercial  and 
industrial  electronics. 

Key  to  the  improvement  is  the 
use  of  a  new  dual-dielectric  which 
combines  the  dielectric  strength  of 
the  highest  grade  capacitor  tissue 
with  the  ion  barrier  effect  of  poly¬ 
ester  film,  giving  these  miniature 
units  high  insulation  resistance  plus 
extended  life  at  125  C.  Type  150P 
Capacitors,  as  the  new  series  is 
designated,  are  still  impregnated 
with  the  exclusive  high  temperature 
organic  material  which  marked  a 
milestone  in  miniature  molded  ca¬ 
pacitor  development  when  Sprague 
first  introduced  it.  The  new  series 
is  designed  for  operation  at  temper¬ 
atures  up  to  125  C  without  voltage 
derating. 

For  complete  specifications  on 
Type  150P  Prokar  ‘D’  Molded 
Capacitors,  write  for  Bulletin  2300 
to  Technical  Literature  Section, 
Sprague  Electric  Company,  35 
Marshall  Street,  North  Adams,  Mass. 


NEW  CUP-TYPE 
TANTALEX® 
CAPACITORS 

give  longer  life... 
better  performance 

Here’s  the  new  Number  1  perform- 
er  in  cup-type  tantalum  capaci¬ 
tors— Sprague’s  improved  Liquid- 
Electrolyte  Sintered-Anode 
Tantalex  Capacitors,  larger 
values  of  capacitance  in  smaller 
physical  sizes,  elimination  of 
fluctuation  in  capacitance  during 
operation,  and  elimination  of 
’’early  failures”  from  internal 
short-circuiting  are  just  a  few  of 
the  improvements. 

Rated  for  —55  to  -f  85  C  opera¬ 
tion  without  voltage  derating  (to 
+  100  C  with  15%  derating), 
Sprague  cup-type  capacitors  offer 
long  operating  life,  long  shelf 
life,  outstanding  capacitance  sta¬ 
bility,  and  very  low  leakage 
currents. 

Sprague  ”cup”  capacitors  are 
available  in  two  series:  Type 
131D  for  industrial,  communica¬ 
tion,  and  general  military  equip¬ 
ment;  Type  132D  for  the  severe 
vibration  requirements  and  close 
performance  parameters  of  mili¬ 
tary  aircraft  and  missiles. 

For  complete  technical  data, 
write  for  Bulletin  3710A  to  Tech¬ 
nical  Literature  Section,  Sprague 
Electric  Company,  35  Marshall 
Street,  North  Adams,  Mass. 
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12  CHANNEL 

DIRECT  INK  OR  ELECTRIC 
RECTILINEAR 
RECORDING  SYSTEM 


MEETINGS  AHEAD 


Mar.  8-11;  Audio  Engineering,  West¬ 
ern  Conv.,  Audio  Eng.  Soc.,  Alex¬ 
andria  Hotel,  Los  Angeles. 


Mar.  17-18:  Synchro  Design  and  Test¬ 
ing  Symposium,  Bureau  of  Naval 
Weapons,  Dept,  of  Navy,  Dept,  of 
Commerce  Auditorium,  Wash.,  D.  C. 


Mar.  21-24:  Institute  of  Radio  Engi¬ 
neers,  International  Convention,  Col¬ 
iseum  &  Waldorf-Astoria  Hotel, 
N.  Y.  C. 


This  new  Recording  System,  Model 
BSA-1200,  combines  all  the  advan¬ 
tages  of  rectilinear  recording  with 
the  economy  of  ink  writing  in  V3 
less  space  than  any  comparable  sys¬ 
tem.  At  an  average  chart  speed  of 
50  mm/sec.,  for  example,  you  save 
$10,000  every  200  hours  in  chart 
costs  alone  when  compared  to  other 
rectilinear  recording  systems.  In  ad¬ 
dition,  this  system  is  designed  to 
accept  a  wide  choice  of  different 
interchangeable  plug-in  preampli¬ 
fiers  for  each  of  the  12  recording 
channels. 

ADDITIONAL  FEATURES 

•  High  Speed  Rectilinear  Recording 
with  Ink.  Unique  pen  design  provides 
splatterproof  writing  to  200  cycles. 

•  Wide  Frequency  Range  reproduces 
signals  from  DC  to  200  cps  on 
rectangular  coordinate  chart  paper 

•  Interchangeable  Plug-in  Preamplifiers 
—  Low,  Medium,  High  Gain  DC,  AC, 
Chopper,  Carrier,  and  Servo 

•  Automatic  one  second  timer  and 
manual  EVENT  MARKER 

•  18  Speeds  -—  Push-button  Controls 
(Remote  control  optional) 

•  Individual  Power  Supplies  and 
Transistorised  Driver  Amplifiers  for 
each  channel.  Prevents  cross-talk 
between  channels 

•  Pen  Motor  Overload  protection 

•  Interchangeable  pens  for  either  Ink 
or  Electric  Writing 

•  Micrometer  Pen  Motor  Adjustments 
for  accurate  pen  alignment 

•  Plug-in  previsions  for  remote  or 
centralised  control  of  all  functions 

•  Modular  Design  throughout  for  ease 
of  servicing 


Mar.  24-25:  Human  Factors  in  Elec¬ 
tronics,  PGHF  of  IRE,  Bell  Labs 
Auditorium,  N.  Y.  C. 


pr.  3-7:  National  Assoc,  of  Broad¬ 
casters,  Engineering  Conf.  Com¬ 
mittee,  NAB,  Conrad  Hilton  Hotel, 
Chicago. 


Apr.  3-8:  Nuclear  Congress,  EJC, 
PGNS  of  IRE,  New  York  Coliseum, 
New  York  City. 


pr.  11-14:  Weather  Radar  Confer¬ 
ence,  American  Meteorological  So¬ 
ciety  and  Stanford  Research  Insti¬ 
tute,  San  Francisco. 


Apr.  12-13:  Protective  Relay  Engi¬ 
neers,  Annual,  A&M  College  of 
Texas,  College  Station,  Texas. 


Apr.  12-13:  Static  Relay  Symposium, 
USA  Signal  R&D  Lab,  Hexagon 
Auditorium,  Ft.  Monmouth,  N.  J. 


pr.  12-13:  Electronic  Data  Process¬ 
ing,  ARS,  Hotel  Alms,  Cincinnati,  0. 


Apr.  18-19:  Automatic  Techniques, 
Annual  Conf.,  ASME,  IRE,  AIEE, 
Cleveland-Sheraton  Hotel,  Cleve¬ 
land. 


Apr.  19-21:  Active  Networks  &  Feed¬ 
back  Systems,  International  Sym¬ 
posium,  Department  of  Defense  Re¬ 
search  Agencies,  IRE,  Engineering 
Societies  Bldg.,  N.  Y.  C. 


Aug.  23-26:  Western  Electronic  Show 
and  Convention,  WESCON,  Ambas¬ 
sador  Hotel  &  Memorial  Sports 
Arena,  Los  Angeles. 


Writ*  for  complefa  information  on 
High  Spaed  Recording  Systems 


Oct.  10-12:  National  Electronics  Conf. 
Hotel  Sherman,  Chicago. 


OTHtft  UASSA  PRODUCTS  I 

TKANSDUCERS  |  II 

Sonar,  Ultrasonic  Be 

ACCELEROMETERS  | 

MICROPHONES 

HYDROPHONES  - 

AMPLIFIERS 

COMPLETE  LINE  OF  MULTI-CHANNEL  AND 
PORTABLE  RECORDING  SYSTEMS 


There’s  more  news  in  ON  the 
MARKET,  PLANTS  and  PEO¬ 
PLE  and  other  departments  be¬ 
ginning  on  p  74. 


6  FOTTLER  ROAD 

HINGHAM,  MASSACHUSKTTS 
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Specify  the  Finest  Digitai  Voltmeter  Made 


NLS  SERIES  20 

WHEN  THE  COMBINATION  OF  RELIABILITY,  SPEED  AND  ACCURACY  is  of  uncompromising 
importance  —  you  can’t  afford  to  gamble  on  “second  best’’ digital  measuring  equipment!  NLS  Series  20 
instruments  are  field-proven  in  the  most  critical  applications — missile  and  electronic  systems  checkout, 
automatic  process  monitoring,  sophisticated  laboratory  research.  Be  sure — specify  NLS  Series  20,  the 
instruments  selected  by  major  missile  manufacturers  after  thousands  of  hours  of  competitive  life  testing. 

Features:  M24  measures  DC  voltage,  voltage  ratio  or  resistarKe  in  a  third  of  a  secorui,  V24  measures  DC  voltage  and  voltage  ratio  at  same 
speed  .  .  .  both  instruments  feature  advanced  trartsistorized  circuitry  and  mercury-wetted  relays  with  life  in  excess  of  3  billion  readings  .  .  . 
±one  digit  accuracy  on  DC  voltage  and  voltage  ratio  . . .  completely  automatic  operation  .  .  .  plug-in  modular  construction  .  .  .  AC  or  low 
level  measurements  with  plug-in  accessories  .  .  .  output  connectors  for  continuous  data  logging.  Ranges:  DC  voltage  ±.0001  to  ±999.9;  DC 
voltage  ratio  to  ±.9999;  resistance  .1  ohm  to  1  megohm.  M24,  complete:  35,050.00.  V24,  complete:  34,950.00.  Write  today  for  complete  data. 

Originator  of  the  Digital  Voltmeter 

non-linear  systems/  inc* 

DEL  MAR  (SAN  DIEGO),  CALIFORNIA 

NLS — The  Digital  Voltmeter  That  Works . . .  And  Works . . .  And  Works! 
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The  Ideal  Approach  to  SSB  .  .  . 

Eimac  Ceramic  Tetrodes  from 


325  to  11,000  watts 


Generating  a  clean  SSB  signal  is  one  thing . . .  amplifying* 
it  to  the  desired  power  level  with  stability  and  low  distor* 
tion  is  another.  A  modern  Class  ABx  final  amplifier  de¬ 
signed  around  an  Eimac  ceramic-metal  tetrode  is  the  ideal 
answer  to  the  problem.  The  Eimac  ceramic  linear  amplifier 
tubes  shown  above  — the  4CX250B,  the  4CX300A,  the 
4CX1000A  and  the  4CX5000A  — offer  the  high  power 
gain,  low  distortion  and  high  stability  that  is  needed  for 
Class  ABx  operation.  Each  has  performance-proved  re¬ 
serve  ability  to  handle  the  high  peak  powers  encountered 
in  SSB  operation.  Efficient  integral-fmned  anode  cooler 


and  Eimac  Air  System  Sockets  keep  blower  requirements 
at  a  minimum  and  allow  compact  equipment  design.  And, 
all  four  incorporate  the  many  advantages  of  Eimac  ce¬ 
ramic-metal  design,  which  assures  compact,  rugged,  high 
performance  tubes. 

The  high  performance  and  reliability  of  Eimac  ceramic 
tetrodes  make  them  the  logical  starting  point  in  the  design 
of  compact,  efficient  single  sideband  equipment. 

Write  our  Application  Engineering  Department  for  a  copy 
of  the  technical  bulletin  "Single  Sideband." 


EITEL-McCULLOUGH,  INC. 

San  Bruno,  California 

Eimac  First  with  ceramic  tubes  that  can  take  it 


CLASS  ABi  SSB  OPERATION 


Plate  Voltage  .  .  . 
Driving  Power  .  .  . 
Peak  Envelope  Power . 


4CX250B 

2000  V 
0  w 
325  w 


4CX300A 
2500  V 
0  w 
400  w 


4CX1000A 
3000  V 
0  w 
1680  w 


4CX5000A 
7500  V 
0  w 
11,000  w 
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Growing  complexity  of  systems  is  intensifying  demands  for  size  reduction, 
better  reliability  and  lower  cost.  Concentrated  development  work  on  solid- 
state  devices  and  circuits  is  bringing  system  microminiaturization  closer 


Thirt*«n>ttag«  •vaporotcd-Alm  cryotron  shift 
rogistor.  Explodod  viow,  Fig.  A,  shows  details 


Philadelphia,  there  was  much  discussion  about  the 
emerginsT  solid-state  discipline,  and  about  the  place 
of  tunnel  diodes,  thin  magnetic  films  and  cryogenic 
devices  in  future  systems.  There  was  also  lively 
dispute  on  the  aims  of  microminiaturization,  a  field 
which  some  observers  feel  has  been  overly  publicized. 

Leaders  in  the  solid-state  field  are  quick  to  assert 
that  aims  have  not  essentially  changed — greater  re¬ 
liability,  greater  capacity,  greater  speed  and,  espe¬ 
cially,  smaller  total  cost  (including  throw-away  cost) 
in  electronic  systems — and  it  is  likely  that  in  order  to 
achieve  these  aims  in  highly-complex  systems  we  are 
obliged  to  go  to  microminiaturization. 

The  ranging  pro-  and  con  arguments  on  micro¬ 
miniaturization,  many  of  which  were  well-put,  are 
important,  however,  for  they  are  symptomatic  of  the 
problems  and  confusions  besetting  engineers  work¬ 
ing  in  the  micro-domain.  As  various  devices  are  scaled 
down,  their  behavior  varies  in  often  unpredictable 
fashion,  and  the  electronics  designer  and  applications 
engineer  finds  that  his  old  intuition  w-ill  no  longer 
serve  him  reliably. 

Charting  a  course  for  the  developing  of  the  new 
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A  WELL-ACCEPTED  feeling  among  solid-state  engineers 
is  that  electronics  is  entering  a  new  phase  and  that 
the  problems  now  being  confronted  are  radically  dif¬ 
ferent  from  those  of  lumped-parameter  days. 

At  the  1960  Solid-State  Circuits  Conference  in 


FIG.  1— In  this  tunnol-diodo  froquoncy  dividor,  a  roloxotion  otcillotor 
it  •ynchronixod  by  a  wook  signal  at  a  highor  froquoncy.  Rapid 
switeking  occurs  wbon  tho  tunnol-diodo  oporoting  point  movos 
slightly  into  tho  nogotivo-TOtistanco  rogion 
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Recent 
Progress  in 

Solid  State 
Technology 

By  M.  M.  PERUGINI,  and  NILO  LINDGREN 

Associate  Editor,  Assistant  Editor 


(AJ  (B)  (C) 


FIG.  7— A  ttir*«4nput  thrathoM  gate  in  the  il-<  powered  bistable 
mode  with  unconditional  reset  (A);  trigger  action  and  reset  action 
(B);  and  d-c  powered  monostable  mode  (C) 


intuition  was  the  paper  “Microelectronics  and  the 
Art  of  Similitude”  presented  by  Douglas  Engle- 
bart  of  the  Stanford  Research  Institute.’  Similitude 
theory,  which  is  well-developed,  considers  the  com¬ 
parative  behavior  of  systems,  and  develops  techniques 
for  accurately  predicting  results  on  one  system  from 
observation  on  another.  It  is  specially  important  in 
new  solid-state  work,  for  it  provides  a  methodical 
way  of  determining  which  electronic-device  tech¬ 
niques  will  be  usable  on  a  given  miniaturization  scale. 

SOLID-STATE  DEVICE  DEVELOPMENTS— Be¬ 
cause  of  its  smallness,  potential  low  cost,  radiation 
resistance  and  relatively  simple  associated  circuitr>% 
the  tunnel  diode  has  been  turned  to  many  application.^. 
It  has  great  potential  as  a  basic  building  block  in 
future  microminiaturization.  Despite  recent  prog¬ 
ress,  however,  there  are  many  problems  which  must 
be  solved  before  the  tunnel  diode’s  potential  can  be 
fully  exploited.  Among  these  problems  are  the  need 
for  reliability  and  reproducibility  in  manufacture; 
need  to  counter  high  internal  capacitance  effects 
at  high  frequency;  need  to  isolate  the  tunnel  diode 
from  active  elements  in  succeeding  stages.  The  loss 
of  memory  in  the  tunnel  diode  when  current  is 
switched  off  will  limit  its  applicability  in  storage  sys¬ 
tems.  Speed  of  circuitry  associated  with  the  tunnel 
diode  is  also  a  problem — device  speed  now  far  exceeds 
circuitry  speed. 

Another  important  solid-state  development  reported 
at  the  conference  is  the  recent  progress  in  thin  mag¬ 
netic  films  for  logic  and  memory  circuits.  Magnetic 
films  have  been  formed  into  nondestructive  storage 
elements,  and  shift  registers  operating  above  one  Me 
have  been  produced.  The  biggest  problem  in  thin 
films  is  producing  uniformity  in  film  materials.  Ob¬ 
taining  uniformity  of  films  in  cryotrons  is  not  as 
difficult.  Here,  the  problem  is  refrigeration. 

All  the  advances  cited  can  be  regarded  as  advanceLs 
in  miniaturizing.  But  before  micronminiaturization 
of  complex  systems  can  become  a  practical  reality, 
certain  basic  problems  must  be  solved :  power  sources 
and  small  inductances  are  required  (promising  work 
on  an  inductance  diode  is  being  pursued  at  Tohoku 
University  in  Japan  by  J.  Nishizawa  and  Y.  Wata- 
nabe) ;  at  high  operating  speeds.  Not  least  of  the 
problems  is  reliability  coupled  with  low  cost. 

TUNNEL-DIODE  APPLICATIONS— Two  general 


types  of  operation  are  possible  with  tunnel  ^ Esaki) 
diodes:  small-signal  operation  around  a  bias  point 
in  the  negative  resistance  range,  which  makes  pos¬ 
sible  oscillators  and  amplifiers;  and  large-signal 
switching  between  two  stable  points  separated  by  a 
region  of  instability,  which  makes  possible  basic  logic 
functions  required  in  high-speed  digital  systems. 
These  and  other  possibilities  inherent  in  the  prop¬ 
erties  of  tunnel  diodes  have  excited  concentrated  in¬ 
terest  in  applying  them  to  various  circuits  and  sys¬ 
tems.  Many  notable  papers  were  presented  on  the 
application  of  tunnel  diodes  to  both  small-  and  large- 
signal  functions. 

One  of  the  most  promising  features  of  the  tunnel 
diode  is  that  its  negative  resistance  remains  con¬ 
stant  up  to  extremely  high  frequencies.  The  small- 
signal  equivalent  circuit,  which  consi.sts  of  the  nega¬ 
tive  resistance  shunted  by  the  barrier  capacitance 
of  the  diode,  and  a  series  resistance  and  inductance 
associated  with  leads  to  the  diode,  has  been  checked 
up  to  frequencies  of  about  700  Me  it  agrees  qualita¬ 
tively  with  the  behavior  of  tunnel-diode  oscillators 
operating  up  to  a  few  thousand  megacycles.® 

Because  of  its  flat  frequency  response,  the  same 
diode  can  be  made  to  provide  several  different  func¬ 
tions  at  different  frequencies.®  Negative  conductance 
of  the  diode  can  be  used  as  an  amplifier  at  any  fre¬ 
quency  which  is  low  compared  with  oscillator  fre¬ 
quency;  an  intersection  occurs  between  the  two  fre¬ 
quencies.  When  the  diode  frequency  is  comparatively 
low,  the  device  can  be  thought  of  as  a  nonlinear  ele¬ 
ment  whose  parameters  vary  slowly  in  time.  Thus, 
the  gain  at  the  higher  frequency,  or  the  conversion 
gain  between  two  higher  frequencies  will  be  subject 
to  cyclic  variations  (see  Fig.  1). 

In  this  frequency  divider,  as  the  diode  operating 
point  moves  into  the  negative-resistance  region,  high- 
frequency  power  is  amplified.  The  signal  builds  up 
until  it  completely  dominates  the  switching  charac¬ 
teristics  of  the  relaxation  oscillator.  Only  small  sig¬ 
nal  power  is  required  to  lock  the  relaxation  oscilla- 


FIG.  3— Two  tunnal-diod*  flip-flaps,  ana  industivaly  and  tha  atliar 
capacitivaly  couplad  (A);  and  a  shift  rngistar  using  tha  inductivaly 
couplad  flip-flop  as  a  building  block  (B) 
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tions  because  of  the  regenerative  effect  and  because 
of  the  stability  of  the  diode.  Frequency  divisions  of 
100:1  with  power  ratios  above  40  db  have  been 
achieved. 

TUNNEL-DIODE  LOGIC  CIRCUITS— Application 
of  tunnel  diodes  to  circuits  for  carrying  out  all  ba.sic 
logic  functions  has  been  found  feasible’.  Several 
modes  have  been  studied.  In  the  d-c  powered  bistable 
mode  with  unconditional  reset  (Fig.  2A)  gain  is  ob¬ 
tained  only  when  an  input  current  greater  than  /,  — 
/.  (Fig.  2B)  triggers  the  diode  from  a  low-voltage  or 
ZERO  state  to  a  high  voltage  or  one  state.  An  output 
current  is  then  available  to  drive  other  stages.  .\n 
unconditional  reset  comes  in  the  form  of  a  power- 
supply  interruption  or  a  negative  reset  pulse.  In  this 
mode,  either  synthesized  three-terminal  networks 
with  unilateral  properties  or  unilateral  coupling  ele¬ 
ments  such  as  tunnel  rectifiers  provide  directivity  of 
information  flow.  Linear  summation  and  threshold 
detection  provide  and  and  or  operations.  Other  syn¬ 
thesized  networks  can  provide  inversion. 

In  the  d-c-powered  monostable  mode  (Fig.  2C), 
the  basic  circuit  resets  it.self  after  delivering  a  one 
signal.  And  and  or  are  obtained  as  in  the  bistable 


FIG.  4 — Microwave  oecillotor  or  amplifier  circuit.  Maximum  frequency 
of  4,000  Me  hat  been  obtained  in  o  demountable  circuit  of  tbit  type 
using  an  encapsulated  general-purpose  diode 

mode.  Polarity  of  the  output  pulse  is  reversed  with 
a  transformer  to  provide  inhibition.  Diode  cou¬ 
pling  provides  unilateralization.  This  circuit  re¬ 
quires  only  a  simple  d-c  power  supply;  however,  to 
insure  coincidence  of  input  pulses  to  a  given  .stage, 
clock  synchronization  is  needed. 

A  third  mode  of  obtaining  logic  functions,  the  clock 
pulse  or  a-c-powered  locking  operation,*  uses  a  pair 
of  matched  tunnel  diodes  powered  by  a  balanced 
pulse-voltage  source  of  amplitude  sufficient  to  main¬ 
tain  only  one  of  the  diodes  in  the  high  state.  The 
circuit  is  receptive  to  an  input  only  during  the  short 
time  when  the  power-supply  pulses  are  building  up, 
after  which  it  locks  into  one  of  its  two  states.  This 
is  essentially  a  majority-logic  type  device. 

Other  applications  of  tunnel  diodes  to  digital  cir¬ 
cuits  are  shown  in  Fig.  3.  These  flip-flops  use  only 
tunnel  diodes  and  common  passive  circuit  elements.* 


TUNNEL  DIODE 


FIG.  5— Far  tbit  exparimantal  canvartar  (A),  signal,  local  oscillator 
and  diffaranco  froquancios  art  210  Me,  240  Me  and  30  Me  rospoc- 
tivaly.  Maasurad  valuos  (B)  agrao  witb  calculotad  valuos 


Operation  of  the  inductively  coupled  flip-flop  is  as 
follows.  Magnitude  of  the  d-c  supply  is  set  so  that 
only  one  diode  can  be  ON.  Necessarily  the  other  diode 
is  OFF.  The  difference  between  two  diode  currents 
flows  through  L,  to  ground. 

Under  steady-state  conditions  no  voltage  exists 
across  L,.  When  an  input  triggers  the  off-diode  on, 
the  voltage  induced  across  L,  resets  the  other  diode 
from  ON  to  OFF.  Thus,  the  circuit  acts  as  a  center- 
triggered  transistor  flip-flop  with  each  pair  of  posi¬ 
tive  input  pulses  completing  a  switching  cycle.  Dif¬ 
ferentiating  the  output  gives  a  count-by-two  scaler. 

Figure  3B  shows  how  these  inductively  coupled 
flip-flop  can  be  used  a.s  building  blocks  for  a  shift 
register.  Both  the  signal  and  shift  pulses  are  posi¬ 
tive.  The  basic  circuit  described  operates  reliably 
with  variations  of  ±5  percent  in  tunnel-diode  peak 
current  and  in  resistor  values,  ±12  percent  in  d-c 
supply,  and  —20  percent  to  several  hundred  per¬ 
cent  in  input-pulse  amplitude.  Circuits  which  oper¬ 
ate  with  higher  tolerances  are  being  developed. 

TUNNEL-DIODE  AMPLIFIERS— A  tunnel-diode 
circuit  suitable  as  a  microwave  amplifier  or  oscillator 
is  shown  in  Fig.  4.*  With  weak  coupling  (small 
coupling  holes  to  the  coaxial  line)  oscillations  will 
occur  at  the  resonant  frequency  of  the  cavity.  For 
amplification,  large  coupling  is  needed  to  prevent 
oscillation.  In  such  a  .setup,  input  signal  on  the  co¬ 
axial  line  reflects  back  down  the  line  with  a  gain 
which  will  be  very  high  if  coupling  is  just  sufficient 
to  prevent  oscillation.  A  circulator  may  be  used  to 
separate  input  wave  and  output  wave.  Maximum  fre¬ 
quency  oscillations  of  4,000  Me  have  been  achieved. 
A  properly-designed  device  of  this  type  might  pro¬ 
vide  oscillations  up  to  10,000  Me. 

Power  achievable  with  single-spot  diodes  at  micro- 
wave  frequencies  is  very  small  because  of  low  current 
due  to  its  small  size,  and  because  of  the  low  voltage. 
For  greater  power  output,  a  number  of  interesting 
idealized  schemes  for  distributed  diode  circuits  have 
been  presented.* 

Construction  of  several  tunnel-diode  r-f  amplifiers 
was  reported.*  Though  such  amplifiers  show  prom¬ 
ise  of  very  high  gains,  high  gain-bandwidth  product, 
low  noise  factor  (better  than  4  db),  and  probably  low 
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FIG.  6— Exploded  view  of  register  shows  construction  details.  Layers 
ore  insulated  from  each  other  with  silicon  monoxide 

cost,  they  present  a  serious  problem  when  they  are 
cascaded.  Since  the  tunnel  diode  is  a  two-terminal 
device,  some  means  of  isolating  it  from  following  ac¬ 
tive  elements  is  needed. 

A  number  of  interesting  storage  schemes  using 
tunnel  diodes  were  presented.’  Cycle  time  for  tunnel- 
diode  memory  is  less  than  100  Manoseconds.  Major 
drawback  with  tunnel-diode  storage  is  that  the  mem¬ 
ory  will  be  lost  when  current  is  turned  off. 

Another  application  of  the  negative-resistance 
characteristic  of  the  tunnel  diode  was  a  down-con¬ 
verter  which  exhibits  low  noise,  high  gain  and  large 
band-width.”  The  experimental  converter  circuit, 
which  can  be  used  in  the  uhf  range,  consists  of  three 
tank  circuits  coupled  together  by  a  tunnel  diode 
(^Fig.  5A).  Experimental  results  using  both  germa¬ 
nium  and  gallium-arsenide  diodes  appear  in  Fig.  5B. 
It  may  be  possible  to  extend  operating  frequencies 
into  the  microwave  region,  though  diode  capacitance 
will  undoubtedly  present  a  major  problem. 

CRYOTRON  SHIFT  REGISTER— Recent  progress 
in  evaporating  techniques  allows  construction  of  a 
13-stage  film  cryotron  shift  register  (see  photo).* 
The  register  is  a  double-rank  system  where  the  even- 
numbered  stages  are  the  A  register  and  the  odd- 
numbered  stages  the  B  register.  Details  are  indi¬ 
cated  in  Fig.  6. 

If  a  half  supply  current  is  flowing  in  the  solid  arrow 
path  and  a  half  current  pulse  is  applied  to  the  shift-1 
control,  gate  A-2-ZERO  will  be  resistive  and  the  supply 
current  will  take  the  path  indicated  by  the  dotted 
arrow.  Bit  2  of  register  A  has  now  accepted  infor¬ 
mation  in  the  form  of  a  half  current  in  the  direction 
shown  by  the  dotted  arrow.  By  adding  a  half-current 
pulse  on  the  shift-2  controls,  this  information  is 
shifted  to  bit  2  of  register  B. 

Output  of  the  last  stage  can  be  connected  to  the 
first  stage  input  to  circulate  the  stored  information, 
and  a  serial  output  can  be  obtained  inductively  across 
one  of  the  pair  of  gates  in  the  chain. 

Also  described  was  a  vacuum-evaporated  thin  mag¬ 
netic-film  shift  register  operated  at  frequencies  in 
excess  of  1  Me.’® 

COMPUTER  MINIATURIZATION— The  first  step 
in  one  approach  to  low  cost  computers  is  the  develop- 


1.  SUPPLY  VOLTAGE  +3V  ±  30  PERCENT 

2.  POWER  DISSIPATION  30  TYP 

3.  TEMPERATURE  -55C  TO  +I25C 

4.  input-terminals  Aq,  Bo  can  be  DRIVEN 
BY  ANY  MICROLOGIC  ELEMENT,  PROVIDED 
PULSE  width  >  20 ni  (AT  50  PERCENT  P( 

5.  output-terminals  a,  ,  B|  CAN  EACH  DRIVE  UP  TO  4  OTHER  MICRO¬ 
LOGIC  ELEMENTS  IN  PARALLEL 

6.  CONVENTIONS - 

A  BINARY  “l"  AT  Aq  SETS  B|  TO  "l" ,  A,  TO  V 
A  BINARY  "l’  AT  BqSETS  A,  TO  "l“,  B|  T0*0* 

I'l"- POSITIVE  POTENTIAL.'O*- GROUND  POTENTIAL) 

FIG.  7— Preliminary  specifications  for  flip-flop.  Future  specifications 
will  include  delay  information 

ment  of  a  family  of  high-speed,  low-power  devices 
which  compatibly  perform  logic  functions."  These 
devices,  called  micrologic  elements,  will  enable  com¬ 
puter  manufacturers  to  assemble  computers  by  simply 
interconnecting  the  elements.  As  a  result,  assembly 
cost  is  reduced  while  a  smaller  and  more  reliable  com¬ 
puter  is  obtained.  It  is  expected  that  the  cost  of  the 
element  will  be  appreciably  less  than  the  cost  of  the 
component  parts  which,  when  assembled,  would  per¬ 
form  the  same  function. 

Included  in  the  family  of  elements  are:  flip-flop, 
half  adder,  half  shift  register,  gate  and  buffer.  Pres¬ 
ently  packaged  in  the  JEDEC  TO-5  case,  plans  call 
for  also  packaging  the  elements  in  a  TO-18  case.  A 
specification  sheet  for  a  flip-flop  is  given  in  Fig.  7. 

The  techniques  which  have  made  possible  construc¬ 
tion  of  these  logic  elements  on  a  single  silicon  die  lend 
themselves  well  to  constructing  multiple  elements  on 
a  single  silicon  substrate.  These  elements  can  then 
be  interconnected  so  that  the  substrate  is  capable  of 
performing  a  complex  logical  system  or  sub-system 
function.  The  potential  of  this  extension  of  current 
techniques  is  such  that  it  becomes  possible  to  talk  of 
packaging  the  entire  logic  section  of  a  real  time  com¬ 
puter  (equivalent  of  2,000  transistors)  in  0.15  cc. 

This  extension  is  based  on  the  belief  that  the  cost 
of  fabricating  a  computer  this  way  will  be  much  less. 
It  is  felt  that  the  cost  of  the  logic  section  of  a  digital 
computer  must  be  decreased  by  an  order  of  magni¬ 
tude  using  this  approach  in  order  to  make  a  serious 
effort  in  this  direction  practical. 

There  is  not  much  sense  in  constructing  a  pea-sized 
computer  to  be  used  with  a  barrel-sized  memory.  A 
great  deal  of  work  remains  to  be  done  in  the  reduc¬ 
tion  of  memory  size.  Integrating  micrologic  with  the 
more  promising  memory  techniques  may  yield  a  com¬ 
puter  of  minimum  total  size. 

SELF-ORGANIZING  SYSTEM— The  block  diagram 
of  an  artificial  neuron  or  information  processing  cell 
designed  as  a  component  for  experimental  studies  of 
self-organizing  systems  is  shown  in  Fig.  8.’* 

Each  of  the  ten  exciting  and  ten  inhibiting  inputs 
has  a  separate  weight  associated  with  it.  Operation 
of  the  cell  depends  upon  the  differences  between  the 
weighted  sum  of  the  exciting  and  inhibiting  signals. 
Included  in  the  cell  is  an  adaption  feature  and  an  ab- 
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solute  inhibit.  The  externally  applied  inhibit  pulse 
produces  a  short  state  during  which  the  cell  is  insen¬ 
sitive  to  all  inputs. 

Whenever  the  integral  of  the  output  is  larger  than 
a  specified  value,  adaption  is  initiated  within  the  cell. 
Adaption  produces  a  short  state  in  which  the  rate  at 
which  the  cell  can  be  fired  by  exciting  inputs  is  re¬ 
duced.  The  monostable  multivibrator  used  as  the 
threshold  circuit  produces  a  pulse  whenever  the  out¬ 
put  of  the  summing  amplifier  exceeds  the  threshold 
level.  This  pulse  serves  to  increase  the  gain  of  the 
exciting  channels  which  fired  the  cell.  The  trailing 
edge  of  the  pulse  is  used  to  generate  the  positive  and 
negative  output  pulses. 

With  minor  additions  the  cell  described  can  be  used 
for  perceptron-type  experiments. 

ADAPTIVE  LOGIC — Systems  with  self-repair  ca¬ 
pabilities  can  be  obtained  by  using  a  photoconductor 
control  matrix."  A  pattern  generator,  which  can  be 
a  random-access  film  library  with  a  suitable  projec¬ 
tion  system,  controls  the  matrix  by  projecting  various 
patterns  of  light  on  the  photoconductors.  With  the 
output  of  the  matrix  monitored  by  an  error  detecting 
stage,  it  is  possible  to  step  the  pattern  generator  to 
start  the  self-repair  cycle  when  a  circuit  failure  oc¬ 
curs.  This  cycle  will  continue  until  the  faulty  block 
is  detected  and  removed  from  the  circuit. 

PHOTORECTIFIER — An  unusual  photorectifier 
based  on  a  combination  of  a  photoconductor  and  an 
electret  was  described  in  a  paper  by  G.  Diemer  of 
Philips  in  the  Netherlands.**  The  rectifier  consists 
of  photoconductive  cadmium  sulfide  powder  activated 
with  copper  and  gallium  in  combination  with  a  glass 
enamel  as  a  binder. 

When  a  photoconductor  powder  is  combined  with 
an  organic  or  glass  binder,  the  resulting  photocon¬ 
ductor  shows  a  strong  superlinear  dependence  of  the 
photocurrent  on  operating  voltage.  Current  through 
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FIG.  8— Ovarail  diagram  of  nauron  shows  how  inhibiting  and  odop- 
.ion  or*  providod 


such  a  powder  layer  is  limited  by  the  contacts  between 
grains.  Thus,  the  voltage-current  characteristic  can 
be  explained  by  assuming  that  the  electron  current 
from  one  grain  to  another  is  governed  by  a  tunnel¬ 
ling  process  through  a  voltage  barrier.  By  building 
in  a  polarization  field  between  the  grains,  the  magni¬ 
tude  of  the  field  strength  in  the  barrier  depends  upon 
the  polarity  of  the  supply  voltage,  and  rectification 
occurs. 

Figure  9  shows  the  structure  of  the  cross  section 
of  a  developed  array  of  cadmium  sulfide  photorecti¬ 
fiers  between  crossbar  electrodes.  Surface  is  grooved 
to  reduce  forward  resistance.  With  a  rectification 
ratio  of  10*,  the  forward  resistance  is  still,  however, 
of  the  order  of  100  Kilohms  per  mm*.  This  system  is 
attractive  for  application  in  cases  where  a  high- 
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FIG.  9— Crost-Mctionol  viow  of  array  of  photoroctifiart  batwooa 
ero*t-bar  alMfrodM.  Thar*  or*  roughly  35  groovat  la  fh*  iiKh  in 
this  array 


voltage  output  from  a  large  number  of  photorectifiers 
is  needed  and  the  high  forward  resistance  can  be 
tolerated,  such  as  in  matrices  for  optical  reading  and 
switching.  Optical  input  is  obtained  by  placing  a 
punched  card  in  front  of  the  photorectifying  array. 
Readout  is  obtained  by  applying  a  voltage  between  a 
chosen  horizontal  and  a  chosen  vertical  conducting 
line. 
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Computer  Switching  With 

How  to  select  the  right  power  transistor  and  switching  circuit  to  obtain 
required  switching  speed,  gain  and  current-carrying  capacity 


By  JAMES  S.  RONNE,  Military  Systems  Studies  Dept,  Bell  Telephone  Laboratories,  Whlppany,  New  Jersey 


High-speed  computers  utilize 
■power  transistors  in  increas¬ 
ing  numbers.  In  selecting  one  of 
these  units  for  a  particular  switch¬ 
ing  application,  it  is  necessary 
to  consider  three  requirements: 
switching  speed,  pulse  gain,  and 
current-carrying  capacity.  Unfor¬ 
tunately,  these  parameters  are 
strongly  dependent  upon  circuits 
and  operating  conditions.  Further¬ 
more,  it  is  difficult  to  specify  stand¬ 
ards  of  comparison  which  would  be 
appropriate  for  all  types  of  tran¬ 
sistors.  As  a  result,  these  data  are 
not  directly  available  from  pub¬ 
lished  specifications. 

It  is  not  difficult,  however,  to 
determine  the  approximate  capa¬ 
bilities  of  a  power  transistor  on  the 
basis  of  the  published  data  sheet. 
The  method  by  which  a  transistor 
can  be  evaluated  relative  to  switch¬ 
ing  speed,  pulse  gain  and  current 
will  be  discussed.  In  addition,  the 
considerations  involved  in  realizing 
the  full  capabilities  of  a  transistor 
in  a  practical  circuit  will  be  ex¬ 
amined  and  a  design  example  will 
be  given. 

Switching  Speed 

Pulse  rise  time,  f„  of  a  transistor 
is  closely  associated  with  frequency 
cut-off  and  collector  capacitance*'  *•  *. 
The  expression  for  rise  time  with 
the  emitter  grounded  is  approxi¬ 
mately  given  by*  *'*  (see  Fig.  1  and 
Table  I) : 

tr  =  <tln  (1/(1  - 

Typically  the  rise  time  will  lie  in 
the  range,  0.1  U  <  t,  <  ^  U,  de¬ 
pending  upon  the  circuit  gain. 

Turn-off  time  is  given  approxi¬ 
mately  by: 

t/=I*ln  (l/(0.1-f0.9W(*M+Afi)J 
The  fall  time  will  be  similarly 


FIG.  3-Storag«  tim*  (t.)  of  GA-53242 
transistor  is  function  of  In  and  f»> 


found  to  lie  in  the  range: 

0.1  <t  <  //  <  2/t 

depending  upon  the  magnitude  of 
the  reverse  base  current,  /«. 

Unfortunately,  storage  time  (t.) 
cannot  be  calculated  from  normally 
available  small  signal  parameters. 
A  typical  curve  illustrating  the  de¬ 
pendence  of  storage  time  on  base 
current  is  given  in  Fig.  2.  Current 
In  refers  to  the  base  current  which 
flows  during  saturation  and  current 
In  refers  to  the  reverse  base  cur¬ 
rent  which  flows  during  the  storage 
and  turn-off  times.  It  should  be 
emphasized  that  to  pull  a  transistor 


out  of  saturation  quickly,  a  reverse 
base  current  must  flow  which  is  in 
a  direction  opposite  to  that  of  the 
turn-on  current.  This  reverse  cur¬ 
rent  can  be  obtained  in  several 
ways. 

A  simple  scheme  is  to  ground 
the  base  as  shown  in  Fig.  3A.  The 
base-emitter  junction  of  the  tran¬ 
sistor  resembles  a  battery  of  volt¬ 
age  Vj  throughout  the  storage  time. 
The  reverse  base  current  is 

In  =  Vi  (Rt  +  rt) 

where  V,  and  n  are  the  junction 
voltage  and  base  resistance,  respec¬ 
tively,  during  saturation.  The  junc¬ 
tion  voltage  can  be  found  from  the 
knee  of  an  In,  V»  curve  or  from 
the  expression  V,  =  F»  —  /»,»•» 
where  F*  is  the  d-c  base-to-emitter 
voltage  during  saturation.  In  Fig. 
3B  the  equivalent-circuit  switch  and 
limiting  resistor  have  been  replaced 
by  transistor  Q,.  The  storage  time 
can  be  reduced  by  selecting  a  tran¬ 
sistor  for  Q,  which  has  an  effective 
series  resistance  (J?,)  that  is  as 
small  as  possible.  Other  methods 
of  reducing  storage  time  will  be 
discussed  when  the  circuit  design 
example  is  considered. 

The  maximum  available  pulse 
gain  is  determined  by  the  large- 
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signal  gain  of  the  device.  However, 
the  circuit  gain  is  determined  by 
the  degree  of  saturation  required. 
Reducing  the  circuit  gain  substan¬ 
tially  below  the  large-signal  gain 
by  overdriving  will  reduce  rise  time, 
but  unfortunately  this  method  has 
the  adverse  effect  of  increasing  the 
storage  time.  Furthermore,  since 
some  power  transistors  have  low 
gain  at  high  currents,  use  of  ex¬ 
cessive  overdrive  would  sacrifice 
too  much  gain.  In  general,  a  circuit 
is  designed  to  have  the  maximum 
possible  pulse  gain  consistent  with 
the  required  switching  speed. 

Current-Carrying  Capacity 

Data  sheets  for  switching  tran¬ 
sistors  normally  list  maximum 
power  dissipation,  maximum  col¬ 
lector  current,  and  collector  satura¬ 
tion  resistance  (or  voltage).  How¬ 
ever,  it  is  not  immediately  obvious 
what  the  current-carrying  capacity 
of  the  unit  is  for  a  particular 
switching  application.  Furthermore, 
it  is  difficult  to  compare  the  capa- 
bilitie.s  of  transistors  on  the  basis 
of  these  specifications. 

To  evaluate  transistors,  using 
their  published  specifications,  a 
simple  expression  will  be  derived 
which  relates  pulse  width  to  max¬ 
imum  collector  current  for  various 
repetition  rates.  Consider  a  pulse 
train  (Fig.  4)  at  the  collector  with 
repetition  rate,  /  (in  Me),  switch¬ 
ing  time,  t  (fr  -f-  in  /xsec),  pulse 
width  t,  (in  ^sec),  with  amplitudes 
E,  and  /,  (in  volts  and  amperes). 
The  total  average  collector  dissipa¬ 
tion,  P„  is  equal  to  the  sum  of  the 


Table  I— Parameters 

t,  “  rise  time  (0  to  90  percent) 

/*  “  1/ua,  -f-  Rl  C,, 

A  =  It/I  n  “  circuit  forward  gain 
A  —  /»//«  =  circuit  reverse  gain, 
ul,  =  cutoff  frequency, 
common  emitter 
hjp*  =  d-c  current  gain, 
common  emitter 
C,i  =  coHector-to-base 
capacitance 

Cot  “=  hfECoh  =  coUector- 

to-emitter  capacitance 


average  power  dissipated  during 
current  saturation  (Pi),  the  aver¬ 
age  power  dissipated  during  switch¬ 
ing  (P,),  and  the  average  power 
dissipated  during  voltage  satura¬ 
tion  (P»). 

I\=It^rtJi^ 

P,  »  (ItEt/AW 
Pj  =  Ech/rgl  CBKtiJ 

where  the  product,  hrelcBt,  repre¬ 
sents  the  maximum  collector  cur¬ 
rent  during  voltage  saturation 
under  conditions  of  maximum  junc¬ 
tion  temperature  and  r„  is  the  col¬ 
lector  saturation  resistance.  Power 
term  P,  becomes  important  only  at 
high  ambient  temperature  or  when 
the  transistor  is  operated  near  the 
maximum  power  capabilities. 

The  average  total  power  dissipa¬ 
tion  is: 

P.  »  Pi  +  P*.  if  Pi «  P. 

Pt  »  {ItpTtJipS  +  0.25 1 tEAf 
Solving  for  the  pulse  width,  we 
get: 


,  Pt -0.251  tEcfi  ou  .  ^  . 


and  where  P,  has  been  replaced 


FIG.  3— Swifdi  S  i*  drewit  •qwivabnt  for  traniiitor  Q>  (I) 


with  Pr,  the  maximum  power  the 
transistor  is  capable  of  handling. 
In  this  way  the  capabilities  of  the 
transistor  can  be  determined  for 
various  combinations  of  t„  f,  and  I,. 

The  values  for  switching  time 
it),  collector  voltage  (E,),  and 
saturation  resistance  (r„)  are  ob¬ 
tained  from  transistor  specifica¬ 
tions  and  circuit  conditions.  The 
maximum  power-handling  capabili¬ 
ties  (Pr)  of  the  transistor  in  a 
particular  application  are  not  im¬ 
mediately  obvious  from  most  pub¬ 
lished  data  sheets.  The  collector 
current  should  never  be  allowed  to 
exceed  the  maximum  value  recom¬ 
mended  by  the  manufacturer.  The 
equation  for  t,  does  not  take  into 
account  this  important  rating. 

Transistor  Power  Rating 

No  industry-wide  standard  has 
been  adopted  for  transistor  power- 
dissipation  rating.  Some  published 
ratings  are  contingent  upon  main¬ 
taining  the  entire  transistor  case 
at  room  temperature  while  others 
represent  average  values  for  speci¬ 
fied  operating  conditions.  Since  the 
actual  power-handling  ability  of  a 
transistor  is  strongly  dependent 
upon  application  and  environment, 
a  better  scheme  would  be  to  provide 
sufficient  engineering  data  to  per¬ 
mit  the  calculation  of  the  power¬ 
handling  capability  for  individual 
circumstances.  These  data  would  in¬ 
clude  the  maximum  allowable  col¬ 
lector-junction  temperature  (Tc), 
the  thermal  resistance  from  collec¬ 
tor  junction  to  free-air  ambient 
with  no  external  heat  sink,  (ffr-d) 
and  the  thermal  resistance  from 
collector  junction  to  mounting  sur¬ 
face  (^c-c). 

Temperature  drop  from  the  col- 


FIG.  4— WovaforiM  mt  f«  and 
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lector  junction  to  the  surrounding 
air  is  analogous  to  the  voltage  drop 
between  two  potentials.  The  ther¬ 
mal  resistance  from  collector  junc- 
to  mounting  surface,  Or-ct  is  in 
series  with  the  thermal  resistance 
of  the  heat  sink,  0„..  Thermal  re¬ 
sistance  includes  the  thermal 
resistance  of  the  transistor  case  in 
parallel  with  that  of  any  external 
heat  sink.  Increasing  the  size  of 
the  external  heat  sink  reduces 
thus  allowing  a  greater  tempera¬ 
ture  drop  within  the  transistor  and 
permitting  more  power  to  be  dissi¬ 
pated.  Thermal  resistance  has  the 
dimensions  of  deg  C/watt. 

An  external  heat  sink  can  be  de¬ 
signed  based  on  the  rule-of-thumb 
thermal  resistance  figure  of  (125 
C/w)/A  for  surface  areas  greater 
than  5  in.*,  where  A  is  the  total 
exposed  area  of  the  heat  sink  in 
in.*.  This  area  includes  both  sides 
of  a  flat  plate  but  only  the  outside 
surface  of  a  transistor  case.  For 
small  heat  sinks  (less  than  5  in.*) 
the  value  (62  C/w)/A  should  be 
used.  These  values  are  determined 
from  power  dissipation  based  on 
heat  transfer  as  a  result  of  radia¬ 
tion  and  convection  from  a  shiny 
surface.  A  properly  blackened  heat 
sink  can  reduce  the  thermal  resist¬ 
ance  by  as  much  as  25  percent. 
Simply  painting  the  area  is  not 
recommended,  however,  since  the 
insulating  properties  of  the  paint 
may  increase  the  thermal  resist¬ 
ance. 

Obviously,  mounting  arrange¬ 
ments  and  the  degree  of  confine¬ 
ment  can  alter  these  values  con¬ 
siderably  in  actual  circumstances. 
For  this  reason,  the  thermal  resist¬ 
ance  values  given  here  can  be  con¬ 
sidered  to  be  within  a  factor  of  two 
of  the  true  value.  Based  on  these 
numbers,  how’ever,  a  quick  calcula- 


Table  II— Typical  Characteristics 
of  W  E  GA-53242 


h  ^3  a 

BVcbo,  bbo,  CEO  ^40v 

r,,  0.5  ohm 

IcBo  (25C,  V cB= — 40v)  5fia 
hrB  {It  =  800  ma)  60 

C.fc(F.  =  -  4.5v)  ^50  pf 

/a.  100  Kc 

9c-c  (int.  thermal  24C/w 

resistarce) 

Tj  (max.  junction  temp.)  85C 


tion  will  determine  the  approxi¬ 
mate  capabilities  and/or  require¬ 
ments  for  a  given  application. 

Commonly,  only  one  of  the  two 
thermal  resistance  figures  is  speci¬ 
fied  in  the  published  transistor  data 
sheets.  Given  one,  a  simple  approxi¬ 
mation  will  allow  the  calculation  of 
the  other.  This  procedure  entails  a 
guess  as  to  the  effective  heat  dissi¬ 
pating  area  of  the  transistor  cases. 

As  an  example,  consider  the 
WE  2N560.  This  transistor  has  a 
dc.A  of  250  C/w  and  a  maximum 
junction  temperature  (T.)  of 
150  C. 

The  internal  thermal  resistance, 
Oc^y  is  found  from  6c-c  =  6e-A  — 
The  external  area  of  the  case 
(built-in  heat  sink)  is  0.56  in.* 


FIG.  6— Cwrrant-liandling  capability  of  th« 
GA  53242 


Thus,  internal  temperature  rise  is 
Oc-t  =  250  C/w  -  62  C/0.66W  -  140  C/w 

Similarly,  given  dc-o  we  can  find 
Oc-A-  The  addition  of  a  x  3i  in. 
heat  sink  will  reduce  Ba,  to: 

125  C/w  5C 

“  2  X  (3H)’  w 

The  2  in  the  denominator  takes 
into  account  both  sides  of  the  heat 
sink.  The  area  of  the  transistor 
case  is  now  insignificant  and  need 
not  be  included.  The  thermal  re¬ 
sistance  of  transistor  plus  heat 
sink,  Bf,  is  Bc-c  +  Ba.,  or  145  C/w. 
(The  specification  sheet  gives  the 
figure  as  150  C/w.) 

These  values  can  now  be  com¬ 
bined  with  the  maximum  junction 
temperature  to  get  the  maximum 
power  dissipation.  For  example  the 
2N560  operating  with  a  3i  x  3i  in. 
heat  sink  in  75  C  free-air  ambient 
(Ta)  can  dissipate  Pt  =  (Tr  —  Ta)/ 
B,.  Thus 

pr  =  (150  -  75)/(150/w)  =  0.5  w 

CircuH‘Design  Example 

An  experimental  solid-state  mem¬ 
ory  requires  a  drive  amplifier  which 
will  supply  an  8-fih  load  with  a  cur¬ 
rent  pulse  (/,)  of  750  ma,  t,  = 
1  psec,  and  (f  -I-  t,)  equal  to  or  less 
than  2  psec.  (See  Fig.  IB.)  Repeti¬ 
tion  rate,  /,  is  0.25  Me. 

Consider  the  transistor  charac¬ 
teristics  listed  in  Table  II.  This 
transistor  exhibits  low  saturation 
resistance  (0.5  ohm)  and  high  gain 
(60  at  800  ma). 

Based  upon  these  data 

tk  =  +  (33)  (50  X  10-»)  (60) 

=  1.7  /isec 

for  a  load  resistance  (Pi.)  of  33 
ohms  (Fig.  5). 

If  we  design  the  circuit  to  have 
a  rise  time  (f,)  not  greater  than 
0.3  psec, 

tr  =  0.3/i8ec  =  1.71n[l/(l  -  0.M/60)I 
Solving  for  A  we  see  that  A  must 
be  less  than  11.  The  base  drive 
(/*,)  required  must  therefore  be 
greater  than  I,/ A  =  750  ma/11  = 
68  ma.  The  addition  of  an  8-ph 
inductance  in  the  collector  circuit 
will  add  approximately  0.3  psec  to 
the  rise  time. 

Similarly,  a  fall  time  (t,)  not 
greater  than  0.3  psec  is  calculated 
from 

<,  =  1.7  ln{l/l0.1-|-0.9X60/(60-|-A*)l} 
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Solving  for  .4*  we  get  .4,  <  13.1; 
thus  hi  >  57  ma.  Referring  to 
Fig.  2,  we  see  that  a  reverse  base 
current  of  perhaps  100  ma  would 
be  desirable  to  reduce  storage  time. 
In  the  absence  of  storage-time  in¬ 
formation,  use  as  large  a  reverse 
base  current  as  can  be  conveniently 
supplied,  in  turning  off  high-speed 
high-current  pulse  amplifiers. 

A  2  X  2  in.  heat  sink  has  a  ther¬ 
mal  resistance  of  16  C/w.  The 
thermal  resistance  of  heat  sink  plus 
transistor  become  =  16  C/w  -f- 
24  C/w  =  40  C/w.  The  maximum 
power-handling  capability  of  the 
device  at  an  ambient  temperature 
of  30  C  is 

Pt  =  (fWC  -  30C)/(40C  w)  =  1.4w 
The  current-handling  capability  of 
the  unit  is 

/p  =  (2.8  -  12 /,/)/(/,*)/ 

where  switching  time  f  is  1  fisec 
and  E,  is  25  v  (Fig.  4). 

This  expression  is  plotted  in  Fig. 
6  for  f  =  0.25  Me  and  f  =  0.1  Me. 
As  indicated,  the  power  require¬ 
ments  are  within  the  capabilities 
of  the  transistor.  However,  the 
curv’es  of  Fig,  6  represent  an  abso¬ 
lute  maximum.  Operating  a  tran¬ 
sistor  at  this  value  is  inviting 
trouble,  since  a  slight  increase  in 
supply  voltage  or  ambient  tempera¬ 
ture  could  permanently  damage  the 
transistor.  Furthermore,  the  power 
dissipation  term,  P»,  w’ould  no 
longer  be  in.significant.  In  most  in¬ 
stances  the  .safety  margin  of  a 
border-line  transistor  can  be  in¬ 
creased  by  reducing  the  supply  volt¬ 
age  or  increasing  the  area  of  the 
heat  sink  or  doing  both. 

To  obtain  the  high  reverse  base 
current  (/*,)  required  to  cancel 
storage  time  and  turn  the  transistor 
off  quickly,  a  special  circuit  is  re¬ 
quired.  The  objective  is  to  estab- 
li.sh  the  maximum  possible  that 
is  consistent  wnth  the  circuit  and 
the  safe  operating  margins  of  the 
transistor.  Some  of  the  coupling 
schemes  which  could  be  used  to  es¬ 
tablish  a  reverse  base  current  are 
shown  in  Fig.  7. 

In  Fig.  7A,  a  negative  pulse  to 
Q,  switches  it  on,  grounding  the 
base  of  Q,  through  which  has  a 
small  resistance.  In  Fig.  7B,  a  neg¬ 
ative  pulse  switches  on  Q„  causing 
L,  to  impress  a  turn-off  voltage  on 
the  base  of  Q^. 


In  Fig.  7C,  a  negative  pulse 
switches  on  causing  C,  to  apply 
a  turn-off  voltage  to  the  base  of  Q,. 

A  variation  of  the  method  illus¬ 
trated  in  Figure  7D  if  used  to  turn 
off  transistor  Q,  of  Fig.  5.  In  Fig. 
7D,  the  reverse  voltage  is  applied 
by  means  of  a  voltage-divider  net¬ 
work.  The  resulting  coupling  net¬ 
work  introduces  a  substantial  loss 
in  power.  In  Fig.  5,  a  positive  turn¬ 
off  voltage  is  automatically  applied 
with  no  added  loss  in  gain  or  power. 
This  is  accomplished  by  driving  pnp 
transistor  Q,  with  an  npn  type  Qj. 
Transistor  Q,  is  a  150-mw  diffused- 
base  germanium  transistor  which 
allows  the  amplifier  to  operate  from 
direct-coupled  low-level  circuits. 
Switching  time  in  the  .stages  Q,  and 
Qt  of  the  amplifier  is  reduced  by 
incorporating  the  coupling  .scheme 
shown  in  Fig.  7C. 

It  will  be  noted  that  there  is  no 
phase  reversal  between  transi.stor8 
(they  are  all  on  or  off  at  the  same 
time).  This  condition  has  the  effect 
of  reducing  the  demands  placed  on 
Q,  since  it  will  have  the  same  duty 
cycle  as  Q,.  Under  no  circumstances 
would  transistor  Qj  be  subjected  to 
long  periods  of  “soaking”,  which 
tends  to  increase  storage  time  and 
power  dissipation.  However,  the 
condition  of  having  all  transistors 
on  at  the  same  time  increases  the 
demands  placed  on  the  power  sup¬ 
ply.  It  was  found  necessary  to 
by-pass  the  power-supply  leads  with 
capacitor  C%  to  reduce  the  ripple  to 
a  tolerable  level. 

In  operation,  turning  transistor 


Q,  on  causes  the  negative  10-v  sup¬ 
ply  to  apply  a  turn-on  current  to 
transistor  Coupling  resistor  R^ 
is  by-passed  with  a  capacitor  C, 
to  speed  up  switching.  Turning  on 
transistor  Qi  effectively  connects 
the  base  of  transistor  Q,  to  the  neg¬ 
ative  lO-v  supply,  which  applies  a 
100-ma  turn-on  current.  As  a  re¬ 
sult,  approximately  750  ma  will  fiow 
in  the  8-fih  load.  The  100-ma  base 
current  of  Q,  is  determined  primar¬ 
ily  by  the  series  resistance  of  the 
emitter-base  junctions  of  the  tran¬ 
sistors  Qt  and  Q^.  Other  transistors 
may  have  a  lower  input  impedance 
and  therefore  require  a  lower  nega¬ 
tive-supply  voltage  or  a  series  cur¬ 
rent-limiting  resistor  or  both. 

Turning  transistor  Qi  off  removes 
the  forward  base  bias  of  Q,  thus 
turning  it  off.  Turning  off  Q,  effec¬ 
tively  connects  the  base  of  Q,  to  the 
positive  16-v  supply,  through  load 
resistor  R,.  As  a  result,  approxi¬ 
mately  100  ma  of  reverse  base  cur¬ 
rent  flows,  which  sweeps  the  minor¬ 
ity  carriers  from  the  base  region 
and  turns  transistor  Q,  off  quickly. 

The  amplifier  produces  0.75-amp 
1.9-ftsec.  pulses  at  a  250-Kc  repeti¬ 
tion  rate  in  the  8-#ih  load  with  a 
0.25-ma,  1-fisec.  input.  Transistor 
Qt  remains  saturated  for  approxi¬ 
mately  1  /isec. 

Rf.ferknces 

(1)  J.  J.  Rbers  and  J.  L.  Moll,  I^rge' 
SiKoal  Behavolr  of  Junction  Translstora, 
Proc  IRE.  4*.  p  1.761,  Dec.  19.=>4. 

(2)  J.  L.  Moll,  LAnte-SlRnal  Transient 
Rejroonse  of  Junction  Transistors,  Proc 
IRE.  4*.  u  1.773.  Dec.  19.54. 

(3)  J.  W.  Easley,  The  Effect  of  Collec¬ 
tor  Capacity  on  the  Transient  Response  of 
Junction  Transistors,  IRE  Trans  on  Elec¬ 
tron  Devices,  ED-4,  p  6,  Jan.  1937. 


ELECTRONKS  •  MARCH  4,  1960 


47 


Transfluxor  Oscillator 

Magnetic-electronic  oscillator  retains  last  frequency  setting  for  many  hours 
after  removal  of  control  signal 


By  RICHARD  J.  SHERIN,  Product  Development  Laboratory,  IBM  Corp.,  Poufrhkeepsie,  N.  Y. 


Demand  by  industry  for  a 
simple  device  to  replace  the 
servomotor-controlled  oscillator  has 
existed  for  some  time,  particularly 
among  manufacturers  of  military 
communications  equipment,  auto¬ 
mobile  radio  receivers  and  fre¬ 
quency  standards. 

Previous  continuously-variable 
voltage-controlled  oscillators  all 
drift  cumulatively  off  frequency 
when  the  controlling  voltage  is  re¬ 
moved.  Although  it  is  possible  to 
approximate  this  type  of  oscillator 
to  any  desired  degree  of  accuracy 
by  using  a  digital  register,  such  a 
system  is  not  simple. 

Basis  of  the  transfluxor  oscillator 
described  is  the  circuit  shown  in 
Fig.  1.  The  small  aperture  of  a 
transfluxor*  is  used  as  the  magnetic 
core  member  in  a  Royer  converter 
circuit*.  A  square-wave  output  is 
obtained  having  a  period  which  is 
a  linear  function  of  the  time  in¬ 
tegral  of  the  voltage  induced  in  the 
large  aperture  by  the  control 
signal. 

Transfluxor  Operation 

To  simplify  the  discussion,  as¬ 
sume  that  the  cross-sectional  areas 
of  transfluxor  legs  2  and  3  are  equal 
and  that  of  leg  1  is  twice  this  value 
as  shown  in  Fig.  2A.  Also,  assume 


CONTROL  SOOAHt:  WAVE  OUTPUT 


FIG.  1 — Bode  transfluxor  oscillator  circuit 
is  ossontioHy  mognotic  multivibrator  with 
oloctronic  froquoncy  control 

the  material  used  in  the  transfluxor 
has  a  nearly  rectangular  hysteresis 
loop.  Using  the  sign  convention 
established  in  Fig.  2B,  it  is  appar¬ 
ent  that:  —  2<ft.  ^  ^  —  <f>. 

^  ^  and  —  4hi 

=  •fti  +  <l>2  —  <f>,  where  <f>,  is  the  sat¬ 
uration  flux  for  leg  2  and  for  leg  3. 

Consider  the  magnetization  of 
the  small  aperture  when  <^,  ^  0. 
When  the  direction  of  magnetiza¬ 
tion  is  counterclockwise,  leg  2  sat¬ 
urates  at  =  —  <^.  with  leg  3  still 
unsaturated  and  <^.i  =  <^,  -I-  =  6,  — 

<f>,.  When  the  direction  of  magneti¬ 
zation  is  clockwise,  leg  3  saturates 
at  4>,  =  with  leg  2  still  unsatu¬ 
rated.  Hence,  the  flux  change, 
in  leg  3  during  clockwise  mag¬ 
netization  starting  with  leg  2  sat¬ 
urated  and  ending  with  leg  3  sat¬ 


urated  is  given  by  A<^:,  =  2<f>,  — 
Similarly,  for  ^  0,  A  =  2<^,  -I- 

and  in  either  case  A  =  2<f>.  — 

Switching  Ring  C| 

Referring  to  Fig.  2C,  when  legs 
2  and  3  are  both  unsaturated,  the 
magnetomotive  force  (mmf)  which 
must  be  applied  to  leg  3  to  change 
<f)>  is  at  most  equal  to  that  value 
which  will  switch  flux  in  the  ring 
Cl  when  it  is  unsaturated.  In  op¬ 
eration,  when  a  sufficient  mmf  is 
applied  to  the  small  aperture,  the 
flux  density  vector  field  pattern  will 
be  changed  in  such  a  way  that  the 
shortest  closed  path  enclosing  the 
small  aperture  and  having  no  sat¬ 
urated  segment  is  affected  first. 
Paths  of  greater  length  are  affected 
as  the  material  closest  in  to  the 
small  aperture  becomes  saturated. 

The  change  in  the  flux  density 
field  pattern  proceeds  from  the  in¬ 
side  to  the  outside  until  some  path 
is  reached  which  has  sufficient 
length  so  that  the  applied  mmf  is 
less  than  the  threshold  mmf  for 
this  path.  When  the  mmf  is  suffi¬ 
cient  to  overcome  the  threshold 
mmf  for  this  path,  it  is  great 
enough  to  saturate  all  the  material 
inside  the  circle  C,  and,  therefore, 
is  an  upper  bound  on  the  mmf  re- 


FIG.  3— Transfluxor  construction  and  mognotixation.  Cross-soctional  area  of  transfluxor  logs  (A);  definition  of  fluxes  used  in  description  of 
transfluxor  operation  (B);  paths  determining  the  range  of  mmf  which  con  be  applied  to  leg  3  (C);  and  paths  determining  a  maximum  range  for 
the  mmf  threshold  presented  to  the  control  signal  (D) 


48 


MARCH  4,  1960  •  ELECTRONICS 


11 


I 


Gives  Drift-Free  Output 


FIG.  3— ExparimMitol  trontfluxar  oscillofer  op«rat«t  b«twMn  100  Kc  ond  1  Me.  In  practi¬ 
cal  applicationc,  a  larger  trantOuxar  wawld  b«  utod  and  th«  extra  Irantfarmer  eliminated 

OSCILLATION  TIME  CALCULATIONS 

Time  in  ;itec  for  a  half  cycle  of  oscillation  is  that  time  required  to  switch  the 
flux  A(^  and  is  given  by: 

^  ”  Eh  -  Eh  -  SE  “  I  <** 

where  all  fluxes  are  measured  in  volt-^sec/turn  and  aE  accounts  for  the  sum  of 
the  voltage  drap  across  an  ON  transistor  and  the  IK  loss  in  the  conducting  N  turn 
winding.  The  relation  between  a  corresponding  flux  and  voltoge  is  given  by: 


where  is  the  voltage  induced  in  an  open  circuited  winding  of  N,  turns  on  leg  1 
and  t  is  measured  in  ^isec.  Thus: 


Letting  A  be  the  cross-sectional  area  in  cm*  of  leg  3  and  B.  the  saturation  flux 
density  in  gauss  for  the  core  material,  4>,  =  B.A/lOO  voit-^sec/turn.  The  threshald 
mmf,  F^,  in  ampere-turns  for  the  control  signal  falls  in  the  range  HfLf/O.An  ^ 
F,  ^  HfL, /0.4ir  and  the  range  of  satisfactory  adjustment  for  f,  is  determined  by 
H,-L,/0.4ir  <  N  I,  <  HfL/0.4ir,  where  Hj.  is  the  threshold  mmf  in  oersteds  for  the 
core  material  and  L,,  L,,  L  and  L,  are  the  lengths  in  cm  of  paths  C„  C,  and  C„ 
respectively. 


quired  to  switch  the  tlux  in  a  closed 
path  through  legs  2  and  3. 

Switching  Ring  C-j 

When  leg  3  reaches  saturation  in 
the  downward  direction,  an  arbi¬ 
trarily  large  downward  mmf  will 
cause  no  further  flux  change  in  the 
transfluxor.  When  leg  2  reaches 
saturation  in  the  downward  direc¬ 
tion,  a  suflSciently  large  upward 
mmf  on  leg  3  can  cause  counter¬ 
clockwise  magnetization  of  a  path 
which  encloses  both  the  small  and 
large  aperture  thereby  altering 
However,  if  the  counterclockwise 
mmf  is  limited  to  a  value  below  that 
which  will  switch  flux  in  the  path 
C„  then  it  is  insured  that  the  up¬ 
ward  mmf  on  leg  3  will  cause  no 
further  flux  change  after  leg  2  has 
become  saturated  in  the  downward 
direction. 

Circuit  Parameters 

The  circuit  of  Fig.  1  is  so  de¬ 
signed  that  either  transi.stor  once 
ON  is  held  in  the  saturated  ON  state 
for  any  collector  current  up  to  some 
maximum  value  /,.  Circuit  param¬ 
eters  are  chosen  so  that  7.  is  greater 
than  that  value  which  would  just 
magnetize  an  unsaturated  path  C, 
but  smaller  than  that  value  which 
would  magnetize  an  unsaturated 
path  C,.  Thus,  the  mmf  is  just 
greater  than  the  threshold  mmf  for 
the  length  of  the  path  referred  to 
and  will  therefore  alter  the  flux 
density  direction  along  the  path  if 
the  path  is  not  already  saturated  in 
the  direction  of  the  mmf.  These 
limit  values  are  separated  by  a  fac¬ 
tor  of  two  or  more  in  a  typical 
transfluxor,  hence  the  adjustment 
is  not  at  all  critical. 

Each  time  collector  current  7,  is 
reached  in  the  ON  transistor,  the 
fed  back  voltage  to  the  ON  tran¬ 
sistor  decreases  causing  a  corre¬ 
sponding  decrease  in  the  collector 
current.  Becau.se  of  the  presence  of 
a  small  amount  of  elastic  flux  ex¬ 
cursion,  this  decrease  in  current 
causes  the  voltage  to  reverse  across 
all  the  windings  on  the  small  aper¬ 
ture,  the  formerly  on  and  off  tran¬ 
sistors  interchange  states  and  the 
flux  in  leg  3  is  then  driven  back 
toward  the  opposite  saturation  con¬ 


dition.  The  flux  changed  in  leg  3 
between  the  two  saturation  condi¬ 
tions  is  |a<^|  =  2<^,  —  |<^|,  and  the 
period  of  the  oscillator  is  directly 
proportional  to  this  value. 

Frequency  Control 

When  the  transfluxor  oscillator 
parameters  are  properly  chosen, 
is  unaffected  by  the  mmfs  applied 
to  the  small  aperture.  Only  when 
the  mmf  produced  in  leg  1  by  the 
control  signal  exceeds  a  certain 
threshold  will  </>,  begin  to  change. 
After  this  threshold  is  exceeded, 
the  rate  of  change  of  </>,  will  be 
proportional  to  the  voltage  induced 
in  an  open  circuited  winding  on 
leg  1,  that  is,  the  control  voltage 
is  a  driving  voltage  minus  an  77? 
drop  in  the  control  winding. 

This  threshold  mmf  falls  in  the 


range  bounded  by  the  mmf  values 
required  to  magnetize  unsaturated 
paths  C,  and  C,  as  shown  in  Fig. 
2D,  and  corresponds  to  the  static 
friction  in  the  servomotor  of  a 
servomotor-controlled  oscillator.  It 
is  the  threshold  effect  which  sta¬ 
bilizes  the  o.scillator  frequency 
against  cumulative  drift  resulting 
from  noise  current  in  the  control 
winding  of  the  transfluxor  oscil¬ 
lator  in  one  case  and  from  noise 
current  in  the  servomotor  drive 
voltage  in  the  other  case.  The  ex¬ 
perimental  oscillator  (Fig.  3),  uses 
an  RCA  XF3006  transfluxor. 
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Table  I— Antenna  Characteristics 


Antanna  it  mountad  on  ridgad  wovaguida  tiottad  lina  prior  to  maoturing  vtwr 


X-Band  Horn  Antenna 

Ellipticaily-polarized  antenna  has  3-db  and  6-db  beamwidths  of  140 
degrees.  Applications  are  in  countermeasure,  telemeter  and  beacon  systems 

By  RAYMOND  E.  METTER,  Aero-Space  Division,  Boeing  Airplane  Co.,  Seattle,  Washington 


An  X-band  horn  antenna  has 
,  been  developed  that  can  be 
used  whenever  there  is  a  broad 
beamwidth  requirement  with  either 
horizontal,  vertical  or  elliptical 
polarization.  These  applications  are 
found  in  electronic  countermeasure, 
telemeter  and  beacon  .systems. 

The  antenna  to  be  described  is 
elliptically  polarized  and  has  the 
unique  feature  of  a  wide  beamwidth 
in  two  polarizations.  In  the  plane 
corresponding  to  the  H-plane  of  the 
waveguide  feed,  the  antenna  has  a 
minimum  3-db  beamwidth  of  140 
deg  for  the  polarization  perpendic¬ 
ular  to  the  H-plane  of  the  wave¬ 
guide  feed  and  a  minimum  6-db 
beamwidth  of  140  deg  for  the  or¬ 
thogonal  polarization  over  the  7-11 
Gc  band. 

Basically,  the  antenna  is  a  modi¬ 
fied  open-ended  waveguide.  It  con¬ 
sists  of  a  linear  taper  transition 


from  standard  waveguide  to  square 
waveguide,  a  Rexolite  dielectric 
phase  shifter  and  a  V-shaped  aper¬ 
ture.  (See  Fig.  1.)  The  antenna 
characteristics  are  summarized  in 
Table  I. 

Design  Considerations 

For  discussion  purposes  the  an¬ 
tenna  is  located  at  the  center  of  the 
spherical  coordinate  system  shown 
in  Fig.  2.  The  H-plane  of  the  wave¬ 
guide  feed  is  parallel  to  the  0  =  0 
plane  and  the  antenna  axis  is  coin¬ 
cident  with  the  intersection  of  the 
0  =  0  and  (ft  =  0  planes.  The  0  =  0 
and  (^  =  0  planes  are  the  horizontal 
and  vertical  planes,  respectively; 
Et  and  represent  the  vertical  and 
horizontal  polarizations,  respec¬ 
tively. 

With  a  standard  open-ended 
waveguide  that  is  linearly  polarized. 
E-plane  3-db  beamwidths  of  greater 


than  120  deg  can  be  obtained.  It 
is  not  simple,  however,  to  obtain 
broad  H-plane  patterns.  If  elliptical 
polarization  is  required,  it  is  not 
possible  with  open-ended  waveguide 
to  obtain  broad  patterns  in  any 
plane  since  the  narrow  dimension 
of  the  rectangular  waveguide  must 
be  increased  so  that  the  elliptically 
polarized  mode  can  be  supported. 

In  the  0  =  0  plane,  an  elliptically 
polarized  0.9-inch  square  open- 
ended  waveguide  in  free  space  will 
theoretically  have  an  E,  3-db  beam- 
width  variation  of  85  deg  to  60  deg 
and  an  E,  beamwidth  variation  of 
85  deg  to  73  deg  over  the  7-11  Gc 
band.*  To  achieve  a  broad  pattern, 
two  antennas  can  be  combined  with 
a  waveguide  tee  and  oriented  so  that 
each  antenna  covers  adjacent  60- 
deg  regions. 

The  main  disadvantage  of  this 
configuration  is  interference  in  the 
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Frequency  Rnnd .  7-11  Gc 

Max  vswr .  l..> 

Max  On-Axis  Axial  Ratio 

(E««./E,..,) .  2 

Min  3  db  Reamwidth  in 

9  =  0  plane .  100  deg 

Min  6  db  Reainwidtb  in 

9  =  0  plane .  140  deg 

Min  3  db  E«Reamwidtli  in 

9  =  0  plane .  140  deg 

Min  3  db  K«Reainwidtli  in 

^  “  0  plane .  52  deg 

Min  3  db  Reamwidth  in 

<^•0  plane .  78  deg 

Average  Power  Tested ....  200  w 
Approx  Min  On-Axis  Gain 
Relative  to  Isotropic  Ra¬ 
diator .  3 


I 


^•0*  PLANE 
(VERT  PLANE) 


•(S’ PLANE 
(HOR  PLANE) 


FIG.  1— Protetyp*  antenna  it  4.125  inchat  from  beginning  of  flare 
on  trantition  piece  to  edge  of  taptum 


FIG.  2— Spherical  coordinate  tyttam  dafinet  waveguide  feed  planet, 
and  vertical  and  horizontal  polarizotiont 


Has  Broad  Beamwidth 


pattern  and  complexity  of  the  feed. 
As  the  two  antennas  are  moved 
closer  together,  the  number  of  nulls 
decreases  while  the  width  of  the 
nulls  increases.  When  the  effective 
phase  centers  of  the  two  antennas 
are  less  than  X'2  apart,  the  nulls 
will  be  eliminated;  however,  this 
configuration  is  physically  unreal¬ 
izable  with  two  separate  horn  an¬ 
tennas.  This  leads  to  the  possibility 
of  modifying  one  antenna  so  that  it 
“looks”  like  two  antennas  who.se  ef¬ 
fective  phase  centers  are  less  than 


X/2  apart.  The  antenna  discussed 
below  falls  into  this  class.  Basic¬ 
ally,  it  is  an  open-ended  square 
waveguide  with  a  V-shaped  aper¬ 
ture  divided  by  a  septum. 

Elliptical  Polarization 

One  way  to  produce  circular 
polarization  is  to  convert  a  linearly 
polarized  wave  into  two  equal-mag¬ 
nitude  orthogonal  waves  90  deg  out 
of  time  phase.  One  common  method 
is  to  feed  a  partially  dielectric-filled 
square  waveguide  from  a  twisted 


feed.*  An  improved  design  w'as  de¬ 
veloped  by  W.  D.  Hodge,*  where  it 
is  not  neces.sary  to  twist  the  feed. 
This  design  consists  of  feeding  a 
linearly  polarized  wave  (TEtn)  into 
a  square  waveguide  which  contains 
a  Rexolite  dielectric  slab  placed 
diagonally. 

In  square  waveguide,  the  TE,„ 
wave  may  be  thought  of  as  two 
equal-magnitude  orthogonal  modes 
whose  transverse  E  fields  are  45 
deg  from  the  incident  E  field.*  The 
polarization  of  one  mode  is  perpen¬ 
dicular  to  the  dielectric  and  the 
polarization  of  the  other  mode  is 
parallel  to  the  dielectric.  As  they 
propagate  through  the  dielectric, 
each  mode  is  retarded  in  phase  with 
the  wave  parallel  to  the  dielectric 
lagging  %he  wave  perpendicular  to 
the  dielectric  since  most  of  the 
parallel  wave  travels  in  the  dielec¬ 
tric.  By  choosing  the  proper  length 
dielectric,  a  90-deg  phase  shift  is 
obtained  w'hich  produces  a  cir¬ 
cularly  polarized  output  w^ave. 

A  rigorous  solution  of  the  fields 
in  the  loaded  dielectric  square  wave¬ 
guide  would  result  in  the  propaga¬ 
tion  constants  for  both  modes  so 
that  the  phase  shifter  design  could 


PotsibU  antanna  inztallation  could  b«  utod  on  airplanot  or  miMilo*  by  placing  mounting 
plato  fluzh  with  vohiclo't  skin.  Taporod  block  it  roquirod  for  null  Ailing 
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200 


FJG.  3— On-axit  cxiol  ratio  of  prototype  antenna 


FIG.  4— Beamwidth  in  0  =  0  deg  plane  of  prototype  antenna 


be  optimized.  A  rigorous  solution 
could  parallel  the  work  of  W. 
Ayres';  however,  the  mathematics 
become  extremely  complex  when  the 
phase  shifter  is  oriented  diagonally. 
Thus,  the  phase  shifter  size  was 
determined  experimentally. 

The  transition  from  the  RG-52/U 
waveguide  feed  to  the  square  wave¬ 
guide  is  a  linear  taper  one  inch 
long.  Although  there  are  many 
sophisticated  methods  for  a  low 
vswr  transition,  it  has  been  demon¬ 
strated  that  a  linear  taper  design 
is  a  very  good  approximation  to  the 
optimum  design.*  From  a  manu¬ 
facturing  standpoint,  the  linear 
taper  is,  of  course,  superior. 

Phase-Shifter  Placement 

In  the  development  of  the  transi¬ 
tion  and  phase  shifter,  it  was  found 
that  the  composite  vswr  was  re¬ 
duced  considerably  and  the  elliptic- 
ity  improved  when  the  phase  shifter 
was  placed  in  the  transition  region. 
The  reduction  in  vswr  is  probably 
due  to  the  shorter  wavelength  in 
the  dielectric  region  which  makes 
the  transition  longer  in  terms  of 
wavelengths.  Also,  the  reflections 
from  the  dielectric  cancel  the  reflec¬ 
tions  from  the  transition. 

When  radiating  into  free  space, 
the  overall  configuration  resulted  in 
a  compact  mode  transducer  from 
linear  to  elliptical  polarization 
which  had  a  vswr  of  less  than  1.4 
and  an  on-axis  axial  ratio  of  less 
than  1.41  over  the  7-11  Gc  band. 
After  the  aperture  was  modified, 
as  will  be  described,  the  on-axis 
axial  ratio  was  less  than  2  ( see  Fig. 
3).  An  axial  ratio  of  1  indicates 
circular  polarization. 


As  previously  noted,  one  way  to 
obtain  broad  patterns  is  to  orient 
two  apertures  so  that  their  re¬ 
spective  radiation  patterns  cover 
adjacent  regions  in  space.  To  ap¬ 
proximate  this  concept,  a  0.9-inch 
.square  waveguide  may  be  cut  in  a 
V  shape  with  a  pin  placed  at  the 
apex. 

Silver’  indicates  that  in  the  6  = 
0  plane  the  E,  pattern  has  10-db 
beamwidths  of  greater  than  180 
deg  at  some  frequencies.  Using  the 
previously  developed  elliptically 
polarized  square  waveguide  feed, 
an  extensive  set  of  patterns  was 
taken  of  pinned  horns  with  differ¬ 
ent  angled  V-shaped  apertures. 
The  resulting  3-db  beamwidths 
were  more  than  140  deg  over  the 
7-10  Gc  band.  Above  10  Gc,  the 
beamwidth  narrowed  to  100  deg  at 
11  Gc.  In  order  to  maintain  broad 
patterns  across  the  frequency  band, 
it  seemed  logical  to  try  to  sepa¬ 
rate  the  two  apertures.  This  was 
accomplished  by  replacing  the  pin 
with  a  septum.  It  was  found  that  a 
one-fourth-inch  septum  on  a  64-deg 
horn  gave  E^  patterns  in  the  = 
0  plane  of  140  deg  or  more  over  the 
7-11  Gc  frequency  band.  (See 
Fig.  4.) 

During  the  E»  investigation,  E^ 
patterns  in  the  6  =  0  plane  were 
also  obtained.  The  3-db  beamwidths 
were  of  the  order  of  70  deg  and 
were  affected  in  a  second-order 
manner  with  the  previous  param¬ 
eter  variations.  It  is  logical  to 
assume  that  the  aperture  distribu¬ 
tion  which  controls  the  E^  pattern 
is  essentially  unaffected  by  changes 
of  septum  size  or  apex  angle  since 
the  E^  vector  is  perpendicular  to  the 


septum.  That  is,  to  a  first  approxi¬ 
mation,  the  E^  vector  does  not  see 
the  septum. 

It  is  well  known  that  the  E-plane 
beamwidth  of  a  linearly  polarized 
antenna  can  be  increased  consider¬ 
ably  if  the  antenna  aperture  is  flush 
with  a  ground  plane.  Although  the 
intended  use  of  the  antenna  dictated 
that  it  would  be  mounted  in  a  free- 
space  environment,  it  was  still  pos¬ 
sible  to  exploit  a  small  ground  plane. 
In  developing  a  broadbeam  linearly 
I>olarized  antenna,  it  has  been  found 
that  the  E-plane  pattern  of  an  open- 
ended  rectangular  waveguide  could 
be  broadened  with  the  use  of  a  small 
swept-back  ground  plane.*  The 
same  attack  was  used  on  the  V- 
shaped  horn.  A  series  of  patterns 
were  run  with  ground  planes  of 
different  lengths  and  at  different 
angles.  It  was  found  that  one-half¬ 
inch  ground  plane  at  60  deg  was 
optimum.  This  configuration  re¬ 
sulted  in  £■*  3-db  beamwidths 
greater  than  140  deg  over  half  of 
the  frequency  band.  The  6-db  hori¬ 
zontal  E^  beamwidths  are  more  than 
140  deg  over  the  7-11  Gc  band. 
(See  Fig.  4.)  The  swept-back 
ground  planes  do  not  affect  the  E, 
pattern  in  the  6  =  0  plans  as 
£■»  =  0  at  the  sides  of  the  wave¬ 
guide  aperture.  Thus,  to  a  first  ap¬ 
proximation,  the  patterns  of  the  two 
polarizations  in  the  ^  =  0  plane  can 
be  controlled  independently. 

Impedance  Matching 

Without  any  impedance  compen¬ 
sation,  the  antenna  had  a  maximum 
vswr  of  3:1.  Since  the  transition 
and  phase  shifter  are  relatively 
well  matched,  the  primary  reflec- 
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cut  behind  the  small  ground  planes. 
The  electrical  characteristics  of  the 
antennas  in  Fig.  5  are  the  same  as 
the  prototype  antenna  except  that 
the  3-db  beamwidth  of  the  pat¬ 
tern  in  the  6  =  0  plane  narrows  to 
100  deg  at  7  Gc. 

Some  of  the  ideas  used  in  this  de¬ 
velopment  may  be  useful  in  devel¬ 
oping  a  broadbeam  elliptically 
polarized  antenna  in  both  planes. 
For  example,  a  crossed  septum  and 
four  swept-back  ground  planes 
might  possibly  be  used. 

The  author  is  indebted  to  W.  D. 
Hodge  and  J.  C.  Mclnturff,  whose 
previous  antenna  developmental 
results  were  used  extensively  and 
to  C.  H.  Vandermeer  who  con¬ 
structed  and  tested  the  experi¬ 
mental  models. 


the  situation  may  occur  where  the 
antenna  is  protruding  from  a 
ground  plane.  It  has  been  found 
that  the  one-half-inch  swept-back 
ground  planes  have  little  effect  on 
the  broad  F*  patterns  when  the  back 
edge  of  the  ground  plane  is  resting 
on  the  large  ground.  Thus,  the 
swept-back  ground  planes  can  be 
removed. 


tions  arise  from  the  aperture.  In 
particular,  it  is  clear  that  the  sep¬ 
tum  is  the  main  cause  of  mismatch 
and  it  was  found  that  the  matching 
problem  consisted  of  eliminating 
the  effect  of  the  septum  on  the  E, 
polarization. 

Impedance  measurements  indi¬ 
cated  a  shunt  inductance  in  the 
vicinity  of  the  aperture  would  be 
beneficial.  Consequently,  a  0.05-inch 
diameter  post  was  tried  in  the  open 
V-shaped  region.  A  location  for  the 
pin  was  found  where  the  vswr  of 
the  E,  polarization  was  reduced  to 
less  than  1.6:1. 

Since  the  post  improved  the  vswr 
of  the  E,  polarization  considerably, 
the  antenna  was  assembled,  and  the 
optimum  post  location  was  ob¬ 
tained.  This  location  was  slightly 
different  since  the  post  is  now 
matching  out  the  complete  antenna. 
In  conjunction  with  the  post  loca¬ 
tion  variation,  the  distance  l»etween 
waveguide  transition  and  aperture 
was  also  varied  so  advantage  could 
be  taken  of  the  cancelling  of  net  re¬ 
flections  from  the  two  main  mis¬ 
match  regions. 

It  was  found  that  the  best  results 
were  obtained  when  the  point  of  the 
phase  shifter  is  flush  with  the 
square  opening.  As  a  fine  tuning 
adjustment,  the  corners  of  the  sep¬ 
tum  were  mitered.  The  result  was  a 
vswr  of  less  than  1.5  over  the  7-11 
Gc  band. 


Effect  of  Ground  Plane 

Although  a  large  ground  plane 
(at  least  10  x)  generally  broadens 
the  E^  pattern,  the  resulting  E,  pat¬ 
terns  were  not  as  broad  as  were  ob¬ 
tained  in  free  space  with  the  small 
swept-back  ground  planes.  Thus, 
when  the  environment  is  a  large 
ground  plane,  the  broad  E^  pattern 
is  narrowed.  The  broad  E,  pattern 
is  essentially  unaffected  by  changes 
in  ground  planes.  For  a  narrow 
band  application,  there  is  the  pos¬ 
sibility  of  using  chokes  in  the 
ground  plane  which  will  curtail  the 
excitation  of  current  along  the 
conductor.  The  chokes  will  tend  to 
prevent  F,  pattern  degradation 
caused  by  the  ground  plane. 

This  principle  was  used  in  the 
models  shown  in  Fig.  5.  In  order 
to  use  available  feeds  and  to  facili¬ 
tate  assembly,  it  was  necessary  to 
construct  the  antenna  with  a  flange 
directly  behind  the  swept-back 
ground  planes.  To  prevent  broad 
E^  pattern  degradation,  chokes  were 
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Applications 

The  antenna  was  originally  de¬ 
signed  for  an  airborne  application. 
It,  of  course,  may  be  used  whenever 
there  is  a  broad  beamwidth  require¬ 
ment  with  either  horizontal,  verti¬ 
cal  or  elliptical  polarization. 

For  a  linearly  polarized  applica¬ 
tion,  a  broad  E»  pattern  in  the  = 
0  plane  can  be  obtained  by  remov¬ 
ing  the  phase  shifter.  If  a  broad  Ef 
pattern  is  desired,  it  is  necessary 
to  remove  the  phase  shifter  and  ro¬ 
tate  the  transition  90  deg  about  the 
waveguide  axis.  The  V-shaped 
aperture  can  be  used  to  broaden  the 
beams  of  other  basic  antennas.  For 
example,  a  V-shaped  configuration 
can  be  placed  on  the  aperture  of  a 
cavity-mounted  elliptically  polar¬ 
ized  helix  and  affect  a  broadening 
of  the  patterns. 

Instead  of  mounting  the  antenna 
in  an  essentially  free-space  loc.ition. 


FIG.  S— Antgnna  with  ttroight  RG-52/U  wovaguid*  faad  h  tkown  to  Uft  of  antanna  with 
curvad  DR-19  ridgad  wovaguida  faad 
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Precision  Phasemeter  for 

Operating  in  the  band  from  100  to  520  Me,  system  measures  phase  dif¬ 
ferences  between  two  signals  within  0.2  degrees.  Frequency  of  ojaeration 
can  be  extended  up  to  X-band  and  down  to  20  Me 


By  ROGER  T.  STEVENS,  Electronics  Systems,  Inc.,  Boston,  Massachusetts 


PHASE  MEASUREMENTS  in  the  uhf 
region  have  typically  been  la¬ 
borious  and  inaccurate.  But  certain 
electronic  applications  require  very 
accurate  measurements,  one  ex¬ 
ample  being  a  phased  antenna 
array.  Accurate  determination  of 
antenna  patterns  of  phased  arrays 
requires  the  precise  determination 
of  the  phase  characteristics  of  each 
element  of  the  r-f  system. 

A  new  phasemeter,  operating  in 
the  band  from  100  to  500  Me,  will 
measure  the  phase  between  two 
signals  to  within  0.2  degree  for 
c-w  signals  and  to  within  0.5  degree 
for  pulsed  r-f  in  the  same  frequency 
range.  By  changing  the  i-f  fre¬ 
quency,  the  same  method  can  be 
used  down  to  20  Me;  with  suitable 
preamplifying  equipment,  operation 
up  to  X-band  is  possible.  An  im¬ 


portant  advantage  of  the  new  in¬ 
strument  is  that  no  manual  adjust¬ 
ments  are  required  after  the  initial 
calibration.  This  is  true  even  if  the 
phase  difference  varies  over  the  full 
360  degree  operating  range.  The 
output  is-  in  digital  form,  giving  the 
phase  difference  directly  in  degrees. 

Basic  Circuit 

The  basic  approach  to  phase 
measurement  is  shown  in  Fig.  1. 
The  two  input  signals,  /,  and  (/,  + 
4>),  determine  the  phase  between 
two  90-Mc  signals,  which  in  turn 
determine  the  phase  between  two 
audio  signals.  The  audio  fre¬ 
quency  u.sed  is  approximately  2.78 
Kc,  selected  because  one  cycle  of 
this  frequency  equals  3,600  cycles 
of  the  10-Mc  clock  source.  Thus 
one  pulse  of  the  10-Mc  clock  be¬ 


FIG.  2— Simplifiad  block  diagram  shows  tho  molhod  of  phase  measurement.  Holding 
circuits  for  pulse  measurements  are  net  shown 


FIG.  1— Phase  angle,  0,  between  signals 
being  measured  is  maintained  throughout 
the  heterodyning  process.  A  10-Mc  counter 
operates  during  the  counting  intervals 


comes  equivalent  to  0.1  degree.  The 
phase  relationship  of  the  two  input 
signals,  /,  and  (/,  -f  <A),  is  main¬ 
tained  throughout  the  heterodyning 
process  and  the  two  audio  signals 
differ  in  phase  by  the  same  amount 
as  the  signals  being  measured.  Con¬ 
trolled  by  zero-crossings  of  the  audio 
signals,  pulses  from  the  10-Mc  clock 
are  counted  by  the  readout  circuits, 
giving  the  pha.se  angle  directly  in 
degrees  and  tenths  of  a  degree. 
Thus,  for  an  angle  of  45.4  degrees, 
for  example,  454  pulses  would  be 
counted  during  the  time  between 
successive  positive-going  zero-cross¬ 
ings  of  the  2.78-Kc  audio  signals. 

The  operation  of  the  uhf  phase¬ 
meter  is  complicated  by  the  neces¬ 
sity  for  measuring  phase  differ¬ 
ences  of  pulsed  signals.  If  such 
pulses  were  converted  directly  to 
audio,  only  segments  of  each  audio 
cycle  would  be  present,  and  such 
segments  might  or  might  not  in¬ 
clude  the  required  zero  crossings. 
This  makes  it  necessary  to  measure 
the  zero  crossings  of  the  audio  sig- 
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CW  or  Pulsed  UHF 


nals  resulting  from  two  internally 
generated,  phase-controlled  c-w  sig¬ 
nals  rather  than  those  from  the 
input  signals  themselves. 

The  simplified  block  diagram  of 
the  system,  shown  in  Fig.  2,  does 
not  show  amplifiers,  attenuators, 
etc.,  but  does  show'  all  the  opera¬ 
tional  steps.  Since  standing  w’aves 
can  change  the  phase  relationship 
of  the  signals  to  be  measured,  the 
input  signals  /,  and  (/,  -i-  (f>)  are 
first  fed  to  precision  50-ohm  match¬ 
ing  devices  which  minimize  the 
vswr.  Next,  each  input  is  fed  to  a 
variable  attenuator  w'here  the  sig¬ 
nal  level  is  set  to  the  proper  ampli¬ 
tude  for  input  to  the  preamplifiers. 
These  attenuators  make  it  possible 
to  handle  signals  at  levels  from 
—80  to  -1-40  dbm.  There  is  one 
restriction,  how’ever:  the  difference 
in  amplitude  between  the  two  sig¬ 
nals  must  be  limited  to  30  db.  This 
limitation  occurs  because  one  of  the 
tw'o  input  signals  must  be  used  for 
calibration.  After  calibration,  am¬ 
plitude  changes  of  greater  than  30 


db  between  the  calibrating  and  ac¬ 
tual  signals  cause  phase  shifts  in 
the  preamplifiers.  The  signals  are 
then  amplified  sufficiently  to  estab¬ 
lish  a  low  noise  figure  for  the  sys¬ 
tem.  They  are  then  heterodyned 
with  a  stable  local  oscillator,  /„  to 
produce  60-Mc  i-f  signals.  The  os¬ 
cillator  ft  is  adjusted  manually  until 
the  desired  60-Mc  beat  is  obtained. 

Phase  Difference 

The  two  60-Mc  signals  are  am¬ 
plified  and  then  used  to  establish 
the  phase  difference  between  two 
90-Mc  signals.  One  90-Mc  signal  is 
obtained  from  a  crystal  oscillator, 
ft.  This  same  signal  from  /,  is 
mixed  with  a  variable  220-Mc  rt 
3  Me  oscillator  /„  to  produce  a 
130-Mc  ±:  3  Me  signal.  This  signal 
is  passed  through  a  phase  shifting 
network.  The  amount  of  phase  shift 
produced  by  this  netw’ork  depends 
upon  frequency,  the  difference  be¬ 
tween  the  phase  shift  for  127  Me 
and  133  Me  being  slightly  greater 
than  360  degrees.  The  output  of 


the  phase  shifter  is  mixed  with  the 
same  220  ±:  3-Mc  oscillator  to  yield 
the  same  90-Mc  signal  but  differing 
in  phase  by  the  amount  inserted  by 
the  phase  shifting  network.  It  is 
the  same  90-Mc  signal  since  /,  has 
been  added  and  subtracted.  By  con¬ 
trolling  the  frequency  of  the  220- 
Mc  oscillator,  the  phase  differ¬ 
ence  betw'een  the  two  90-Mc  signal-s 
may  be  made  to  be  anything  be¬ 
tween  0  and  360  degrees.  The  phase 
relationships  are  made  clear  in 
Fig.  2. 

When  these  90-Mc  signals  are 
beat  against  the  60-Mc  i-f  signals, 
the  result  is  two  identically  phased 
30-Mc  outputs.  Each  of  these  30-Mc 
outputs  receives  additional  i-f  am¬ 
plification.  One  30-Mc  signal  is 
passed  through  a  chopper,  while 
the  other  is  given  a  90-degree  phase 
shift.  The  two  signals  are  then  fed 
to  a  phase  detector.  Regardless  of 
signal  polarity  from  the  chopper, 
the  phase  difference  between  the 
tw’o  signals  normally  is  90  degrees 
and  the  output  of  the  phase  detector 
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FIG.  3— Vohaga-variable  capacitor  Ci  controls  tho  18-Mc  oscillator  over  3-Kc  range 


is  zero.  Should  the  phase  correction 
be  incomplete,  the  phase  difference 
will  be  more  than  90  degrees  (re¬ 
sulting  in  a  positive  voltage  from 
the  phase  detector)  in  one  chopper 
position  and  less  than  90  (resulting 
in  a  negative  phase  detector  out¬ 
put)  in  the  other  chopper  position. 
Thus  the  phase  detector  puts  out  a 
.square  wave  for  c-w  input  signals 
or  a  series  of  alternately  positive 
and  negative  pulses  for  pulsed  r-f 
input  signals,  at  the  frequency  of 
chopper  operation. 

Error  Correction 

The  phase  detector  output  is  ap¬ 
plied  to  a  boxcar  detector  which  is 
gated  at  the  prf  for  pulsed  r-f  in¬ 
puts  or  left  on  continuously  for 
c-w  input  signals.  In  both  cases 
'  the  output  of  the  boxcar  is  a  square 
wave.  When  the  boxcar  is  gated, 
the  gating  is  controlled  by  a  flip- 
flop  which  is  triggered  by  the  de¬ 
layed  detected  envelope  of  the  r-f 
pulse.  The  amount  of  delay  is  vari¬ 
able  to  permit  the  boxcar  to  sample 
the  phase  detector  output  at  any 
point  in  the  r-f  pulse.  The  error 
voltage  thus  developed  operates  on 
/.  such  that  the  phase  difference 
between  the  two  30-Mc  signals  is 
alw’ays  held  at  90  degrees. 

Two  important  features  of  this 
phase  control  system  should  be 
noted.  First,  because  of  the  action 


of  the  chopper,  the  phase  detector 
output  is  a-c  so  that  d-c  drift  is  not 
a  factor  in  determining  accuracy. 
Second,  the  loop  always  corrects 
until  the  phase  difference  returns 
to  90  degrees  so  that  accuracy  of 
the  phase  detector  is  only  required 
at  this  point  and  non-linearities  in 
the  pha.se  detector  curve  are  unim¬ 
portant. 

Assuming  that  the  phase  correct¬ 
ing  loop  is  functioning  properly, 
two  90-Mc  C-W'  signals  are  available 
w’hich  differ  in  phase  by  exactly  the 
phase  difference  of  the  input  sig¬ 
nals.  These  two  signals  are  hetero¬ 
dyned  with  the  output  of  a  variable 
oscillator,  /j,  which  is  controlled  so 
that  the  resulting  audio  signals 
have  a  period  corresponding  to  the 
time  of  3,600  cycles  from  a  10-Mc 
oscillator — or  approximately  2.78 
Kc. 

Pulses  from  the  positive-going 
zero-crossings  of  the  audio  signal 
and  timing  pulses  alternately  trig¬ 
ger  a  flip-flop  which  produces  a 
symmetrical  square  wave  if  the 
audio  frequency  is  correct.  If  the 
audio  frequency  is  incorrect,  one 
half  cycle  of  the  .square  wave  is 
longer  than  the  other.  This  square 
wave  is  integrated,  giving  a  d-c 
control  voltage  which  shifts  the 
variable  oscillator  until  the  audio 
frequency  is  correct. 

The  two  audio  signals  are  fed  to 


identical  squaring  ampliflers  (not 
shown  in  the  block  diagram),  each 
of  which  consists  of  a  number  of 
cascaded  differential  amplifiers  fol¬ 
lowed  by  a  differentiator  and  pulse 
former.  Each  squaring  amplifier 
puts  out  a  set  of  A  pulses  corre¬ 
sponding  to  the  positive-going  zero- 
crossings  of  the  audio  signal  and  a 
set  of  B  pulses  corresponding  to 
the  negative-going  zero-crossings. 
These  pulses  are  fed  to  gates  which 
alternately  permit  first  the  A  pulses 
and  then  the  B  pulses  to  operate 
the  counter  control  gate.  The  con¬ 
trol  gate  permits  the  counter  to 
count  10-Mc  pulses  between  the  ar¬ 
rival  of  the  start  and  stop  pulses. 
After  counting  between  five  sets  of 
A  pulses  and  five  sets  of  B  pulses 
the  lock-out  gate  operates,  stopping 
the  counting  and  permitting  di.splay 
of  the  result. 

It  is  possible  for  the  squaring 
amplifiers  to  be  biased  so  that  the 
output  pulses  do  not  correspond  ex¬ 
actly  to  the  zero-crossing  of  the 
audio  signals.  In  this  case,  for  ex¬ 
ample,  the  spacing  between  A  pulses 
might  be  too  great  and  that  be¬ 
tween  B  pulses  too  little.  These 
errors  are  equal  and  opposite,  how¬ 
ever,  so  that  by  counting  between 
equal  number  of  A  and  B  pulses  the 
bias  errors  are  cancelled  and  the 
resulting  count  is  correct. 

The  bias  correcting  technique 
u.sed  in  the  counting  circuit  may 
fail  w’hen  the  pha.se  difference  is 
close  to  0  or  360  degrees.  The 
correcting  technique  depends  upon 
averaging  the  count  that  is  too 
small  with  the  one  that  is  too  large 
to  obtain  the  correct  result.  Near 
360  degrees  the  too  small  count  is 
slightly  less  than  360,  for  example 
350  degrees.  The  too-large  count, 
however,  being  more  than  360,  has 
recycled  and  is  reading  say  10  de¬ 
grees.  Averaging  these  gives  an 
incorrect  result  of  180.  To  provide 
for  this  contingency,  an  ambiguity 
resolution  circuit  is  included.  This 
circuit  senses  when  the  above  situ¬ 
ation  might  occur  and  causes  the 
short  counts  to  be  increased  from 
10  to  370  .so  that  summing  results 
in  a  correct  360  (or  0)  total. 

The  phasemeter  also  includes  a 
laboratory  type  oscilloscope  which 
permits  examination  of  the  two 
2.78  Kc  audio  signals  for  detection 
of  phase  jitter  in  the  original  sig- 
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nals.  The  oscilloscope  is  also  used 
for  checking  waveforms  throughout 
the  system. 

Variable  90-Mc  Oscillator 

Figure  3  is  a  schematic  diagram 
of  the  variable  90-Mc  oscillator — 
ft  of  Fig.  2.  This  oscillator  requires 
a  high  degree  of  short-term  sta¬ 
bility  while  at  the  same  time  the 
frequency  must  be  capable  of  being 
controlled  by  a  d-c  voltage.  To  sat¬ 
isfy  the  stability  requirement,  a 
General  Electric  type  7077  ceramic 
triode  is  used  in  a  crystal  oscillator 
circuit,  at  a  fundamental  frequency 
of  18-Mc.  The  interelectrode  capac¬ 
itance  and  internal  inductances  of 
this  tube  are  stable  so  that  fre¬ 
quency  changes  due  to  drifts,  etc., 
within  the  tube  are  minimized. 

The  crystal  can  be  pulled  about 
2  Kc,  which  repre.sents  a  10-Kc 
variation  in  the  90-Mc  output  fre¬ 
quency.  Since  this  oscillator  oper¬ 
ates  approximately  2.78  Kc  away 
from  the  fixed  90-Mc  oscillator,  the 
range  of  variation  is  sufficient.  It 
was  found  that  conventional  fre¬ 
quency  control  by  a  reactance  tube 
was  not  satisfactory  since  the 
reactance  tube  contributed  varia¬ 
tions  which  changed  the  frequency 
independently  of  the  control  voltage. 
Frequency  control  is  therefore 
achieved  by  varying  the  d-c  voltage 
on  a  voltage-variable  capacitor  C, 
in  the  crystal  resonant  circuit. 

The  fifth  harmonic  of  the  basic 
oscillator  frequency  is  the  desired 
90-Mc  signal  which  receives  ampli¬ 
fication  and  buffering  by  two  addi¬ 
tional  stages  before  being  fed  to  the 
mixers.  The  90-Mc  fixed  oscillator 
ft  is  of  similar  construction  except 
for  the  elimination  of  the  frequency 
control  circuit.  The  220-Mc  o.scilla- 
tor  /,  is  similar  except  that  a  Clapp 
circuit  is  used  instead  of  the  cry.stal, 
permitting  greater  frequency  swing 
at  the  expense  of  less  stability, 
which  is  not  of  prime  importance 
in  this  oscillator. 

Chopper  and  Phase  Detector 

The  chopper  and  phase  detector 
unit  appears  in  the  schematic  of 
Fig.  4.  The  gate  operates  a  Schmitt 
trigger  circuit,  V„  which  alter¬ 
nately  cuts  off  V,  or  V,  by  putting 
a  large  negative  voltage  on  the  ap¬ 
propriate  suppres.sor  grid.  The  in¬ 
puts  to  the  control  grids  of  the  two 


6AS6’s  are  the  normal  30-Mc  signal 
and  its  inverted  image.  It  was 
found  impractical  to  wind  center- 
tapped  transformers  with  charac¬ 
teristics  of  the  push-pull  output 
sufficiently  alike  to  produce  iden¬ 
tical  but  oppositely  phased  signals. 
This  goal  was  achieved,  however,  by 
using  two  identical  transformers 
wound  on  ferrite  cores. 

The  phase  detector  output  must 
be  the  same  for  a  null  (90  degrees 
phase  shift  between  signals)  as 
when  one  or  both  signals  are  ab¬ 
sent  to  avoid  confusing  the  phase 
control  loop  when  pulsed  r-f  inputs 
are  being  compared.  This  precludes 
the  use  of  a  6BN6  phase  detector. 
It  was  also  found  that  diode  phase 
detectors,  balanced  or  unbalanced, 
could  not  be  made  sufficiently  accu¬ 
rate.  The  most  satisfactory  tech¬ 
nique  was  vectorially  adding  the 
two  signals  by  aeries  transformers 
and  then  amplifying  and  detecting 
the  resultant  signal. 

The  ambiguity  resolution  circuit 
is  shown  in  Fig.  5B  and  the  asso- 
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FIG.  5— Ambiguity  rttolution  circuitt  pr«- 
v«nt  counting  orror  whon  photo  shift  it 
cloto  to  0  or  3M  dogroot.  Timing  it  shown 
in  (A);  circuit  in  (B) 


ciated  timing  diagrams  in  Fig.  5A. 
The  offsets  of  the  stop  A  and  STOP  B 
pulses  from  their  360-/tsec  positions 
are  caused  by  bias  in  the  squaring 
amplifiers.  It  can  be  seen  that  for 
this  particular  situation  (phase 
difference  near  0  or  360)  half  the 
counts  will  be  350  degrees  and  half 
10  degrees,  giving  an  incorrect 
average  of  180  degrees.  To  prevent 
this,  first  the  bias  is  deliberately 
altered  so  that  the  long  count  al¬ 
ways  occurs  between  A  pulses.  The 
START  A  pulse  fires  a  one-shot  multi¬ 
vibrator  which  produces  a  200-/isec 
gate.  This  gate  passes  through  a 
cathode  follower  and  diode  D,  and 
raises  the  potential  of  the  junction 
of  D,D,  and  the  two  resistors  and 
capacitor  sufficiently  so  that  the 
STOP  A  pulse-triggers  cannot  pass 
through  D,.  This  simple  method  of 
inhibiting  is  also  used  in  many  of 
the  other  control  circuits  associated 
with  the  counter. 

If  the  STOP  A  pulse  occurs  within 
200  ^secs  of  the  start  A  pulse,  no 
ambiguity  problem  exists.  In  this 
case  the  stop  A  pulse  is  inhibited 
and  no  further  action  is  taken  by 
the  ambiguity  resolution  circuit.  If 
the  situation  is  similar  to  that 
shown  in  the  timing  diagram,  the 
STOP  A  pulse  is  not  inhibited  and 
triggers  another  one-shot  multivi¬ 
brator,  which  also  produces  a  200- 
/isec  gate.  Since  the  next  STOP  B 
pul.se  is  approximately  180  ^.secs 
from  the  STOP  A  pulse,  it  will  be 
inhibited  by  this  gate.  Thus  the 
first  STOP  B  pulse  shown  in  the 
timing  diagram  does  not  occur  and 
the  counter  continues  until  the  next 
STOP  B  pulse  arrives  360  nsecs  after 
the  inhibited  one.  Thus  five  counts 
of  350  degrees  are  summed  with 
five  counts  of  370,  yielding  a  correct 
360  reading. 

The  complete  phasemeter, 
mounted  in  two  relay  racks,  is 
shown  in  one  of  the  photographs; 
beside  it  is  one  of  the  i-f  decks. 

Design  of  the  uhf  phasemeter 
was  under  the  direction  of  W.  Tal¬ 
ley,  assisted  by  K.  Shen  and  the 
author. 

The  entire  development  program 
was  ijerformed  under  contract  to 
Sylvania  Electric  Products,  Inc. 
and  appreciation  is  expressed  for 
the  interest  and  support  given  to 
this  program  by  members  of  Syl- 
vania’s  technical  staff. 
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Measuring 

Total  Circuit  Inductance 

By  SAUL  RITTERMAN,  Electronic  Scientist,  Plcatlnny  Arsenal,  Dover,  New  Jersey 


There  are  applications  in  circuit 
breadboarding  where  it  is  neces¬ 
sary  to  know  the  value  of  the 
lumped  circuit  inductance.  Re¬ 
sistance  and  capacitance  can  be 
readily  measured,  but  measuring 
lumped  circuit  inductance,  espe¬ 
cially  at  higher  frequencies,  pre¬ 
sents  some  difficulty.  A  method 
is  described  whereby  the  overall 
circuit  inductance  may  be  meas¬ 
ured  quite  simply  and  reasonably 
accurately;  the  only  equipment 
necessary  is  an  oscilloscope  with 
calibrated  sweep  velocities. 

Method 

The  circuit  under  investiga¬ 
tion  is  considered  as  a  aeries  cir¬ 
cuit  incorporating  switch  S  as  in 
Fig.  lA.  The  capacitor  C  is 
charged  to  V.  volts  and  the 
switch  closed.  Depending  upon 
the  relationship  between  the 
values  of  resistance,  capacitance 
and  inductance  in  the  circuit,  the 
resulting  current  flow  will  range 
from  an  overdamped  through 
critically  damped  to  an  oscilla¬ 
tory  discharge.  The  three  pos- 
sibilites  are  as  follows: 

Overdamped  condition  when 
(R/2Ly  >  l/LC 
Current  t  (t)  =  V.  L[(R^2Ly 
-  1/LCy  X  sinh  {(R  2Ly  - 
1/LC]‘  t  X  (1) 

Critically  damped  when  (i?/ 
2Ly  =  l/LC 

Current  i  (t)  =  V.t/L  x 
exp  [-^/(LC)*]  (2) 

Oscillatory  condition  when 
(R/2Ly  <  l/LC 
Current  i  (t)  =  V,  L  [l/LC  — 
{R/2Lyy  X  sin  [l/LC  -  (R  ' 
2L)*]‘  t  X  (3) 


Otcilloscop*  waveform  shows  ratio  of 
successive  maximum  as  6  to  2.5 


FIG.  1— Diagram  (A)  represents  equiva¬ 
lent  lumped-circuit  inductonce  as  1.  Wave¬ 
form  (B)  indicates  ratio  ii/h  to  be  meas¬ 
ured 

The  oscillatory  condition  is  of 
greatest  interest.  If  l/LC  >> 
{R/2Ly  an  accurate  value  of  the 
inductance  may  be  obtained  by 
measuring  the  time  for  one  cycle 
of  oscillation.  (By  an  o.scillo- 
scope,  for  example).  Take  T  = 
2tt  {LCy  where  T  is  the  time  of 
one  cycle.  Since  T  and  C  are 
known,  or  can  easily  be  deter¬ 


mined,  the  inductance  is  given  by 
L  =  {r/2tr)VC. 

If  the  factor  {R  2L)“  is  ap¬ 
preciable  compared  to  l/LC,  then 
in  solving  for  L  this  factor  can¬ 
not  be  omitted.  Thus  the  simple 
method  just  outlined  is  not  valid 
for  this  case.  However,  the 
numerical  value  of  the  induct¬ 
ance  can  be  derived  by  a  less  di¬ 
rect  method  involving  measure¬ 
ments  of  successive  maxima,  and 
the  time  interval  between. 

The  general  equation  (3)  de- 
flnes  the  damped  sinusoid  and 
Fig.  IB  represents  such  a  wave¬ 
form.  For  each  successive 
maxima,  sin  [1  LC  —  (R/2L)*]* 
f  =  1  and  the  equation  may  be  re¬ 
written  for  the.se  maxima  as 
i  (t)  =  Kexp  (  —  Rt,/2L),  where 
K  =  V./L  [l/LC  -  (R/2L)*]*. 

Evaluating  the  la.st  equation  in 
terms  of  the  successive  maxima 
gives  f,  =  Kexp  (—Rt,/2L),  and 
tj  =  Kexp  (  —  Rt,/2L).  Dividing 
the.se  two  equations:  i,/i.,  = 
exp  [— —  L)/2L1  or  In 
=  Ra  t„/2L  where  A  („  = 
U  —  f,.  Thus,  L  =  R  \t„/2ln 
(t./L). 

The  inductance  value  may  now 
be  found  since  R  is  known,  and 
{,/».  as  well  as  t„  may  be  obtained 
from  an  oscillograph  trace.  Fig¬ 
ure  2  is  a  graph  of  L  and  A  for 
a  range  of  values  of  a,  where  a 
=  R/2  In  (tj/L). 

The  oscillograph  trace  shows 
the  current  in  a  series  circuit 
where  the  total  resistance  R  was 
0.8  ohms  and  the  sweep  speed  of 
the  oscilloscope  trace  20  x  10"^ 
sec/cm.  From  the  graph  and  the 
formula  a  =  R/2  In  (ii/is)  = 
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12  new  N-P-N  diffused-junction  mesa 
types  with  low  saturation  resistance  • 
high-temperature  performance»highcur- 
ren  t  beta  •  h  igh  power-handling  capability 

Out  of  RCA’s  broad  experience  in  diffused  silicon  mesa 
techniques  comes  a  comprehensive  new  line  of  medium, 
intermediate  and  high  power  silicon  transistors,  featur¬ 
ing  low  saturation  resistance  characteristcs  and  high 
collector-current  and  voltage  ratings. 

These  new  RCA  silicon  types  open  the  way  to  a  wide 
variety  of  military  and  industrial  applications— in  power 
switching  circuits  such  as  dc-to-dc  converters,  inverters, 
choppers,  solenoid  drivers  and  relay  controls;  oscillator, 
regulator,  and  pulse-amplifier  circuits,  and  as  class  A 
and  class  B  push-pull  amplifiers  for  servo  and  other 
audio-frequency  applications. 

RCA  Silicon  Power  Transistors  were  developed  in 
cooperation  with  U.  S.  Army  Signal  Corps,  on  an  Indus¬ 
trial  Preparedness  Measure  for  military  devices. 
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Contact  your  RCA  Field  Representative  today  for 
complete  sales  information.  For  additional  technical 
data,  write  RCA  Commercial  Engineering,  Section 
B-19-NN-4,  Somerville,  N.  J. 
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0.8/2  In  (6/2.5)  =  0.46.  value  of  L  is  given  as  65  x  10"*  in  measuring  (ti/tj).  Neverthe- 

Also  from  the  graph,  A  =:  henry.  The  actual  value  of  L  was  less,  the  error  is  fairly  small  and 

140  X  lO"*  sec.  known  to  be  73  x  lO"*  henry,  the  the  method  is  sufficiently  accu- 

Extrapolating  from  Fig.  2,  the  error  is  attributed  to  inaccuracy  rate  for  breadboard  work. 


20  40  60  80  100  120 

X  I0~®  SEC  - 


FIG.  2— Inductance  values  are  provided  by  interpolation  or  extrapolation 
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FAITHFULLY  SIMULATES 
TRANSMITTER  PERFORMANCE 
FOR  SYSTEMS  MEASUREMENTS 


1300  to  2500  mcH 
FM  SIGNAL  GENERATOR 


Suptrior  FM  characteristics,  1%  deviation 
linearity.  Precisely  calibrated  output  con¬ 
tinuously  variable  0  dbm  to  —110  dbm. 
External  modulation  (to  500  kc)  or  CW  out¬ 
put.  Wide  tuning  range,  vernier,  direct 
reading. 


Above  are  principal  features  of  the 
new  Sierra  201B  UHF  FM  Signal 
Generator,  specifically  designed  for 
telemetry  and  data  transmission  ap¬ 
plications  in  the  13  to 2.5  kmc  range. 


Sierra  Model  201B  FM  Signal  Generator 


SPECIFICATIONS 


Fraquency 

Rang*;  1300  me  to  2500  me  in  on*  bond. 

Tuning:  Saparatt  varnier  eontrol  for  smoll  ehongas  in 

frequaney. 

Stability:  Drift  not  over  5  ke  par  minuta. 

Dial  Accuracy  1  % 

R.F.  Output— Calibratad 

Laval:  Continuously  voriobla  0  dbm  to  —110  dbm. 

Output  Accuracy:  Within  ^  3  db  from  0  dbm  to  -20  dbm,  —  1.5  db 

from  —20  dbm  to  -60  dbm,  5b  1  db  from  —60  dbm  to 
-90  dbm  and  ^  3  db  from  -90  dbm  to  —110  dbm. 
Seurca  Impadanca:  50  ohms,  VSWR  lass  than  1.6. 

R.F.  Output— Auxiliary 

Laval:  Non-adjustabla,  0  dbm  to  —5  dbm. 

Isolation:  Excaads  30  db. 

Sourca  Impadonca:  50  ohms,  VSWR  lass  than  1.3. 

Modulation 

Intansal  Squarawavo  100%  AM  modulated  by  intarnally  ganerotad  800-1200 
AM:  cps  squarawava. 

Extarnol  Frequency  Deviation  linear  within  1%  to  2  me,  within  2%  to  3 
Modulation:  me.  Response  within  0  to  —3  db,  100  cps  to  500  kc. 

CW:  CW  signals  have  spurious  FM  hum  ond  noise  of  lass 

than  10  kc  peak  to  peak. 

AC  Power  Roquiramont  117  volts  ^  10%,  50-60  cps,  200  watts. 

Dimensions  Haight;  15’/,  in..  Width;  19  in..  Depth;  16  in. 


Brief  specifications  here  give  more 
details;  for  full  information  and 
demonstration  call  your  Sierra  rep¬ 
resentative  or  write  direct 


A  Division  of  Phiico  Corporation 

NON  DRIVE  •  DAvaapart  8-2010  •  MENLO  PARK,  CALIFORNI 

Sales  representatives  in  all  major  cities 
Canada:  Atlas  Instrument  Corporation,  Ltd.,  Toronto,  Montreal,  Vancouver, 
Export:  Frazar  &  Hansen,  Ltd.,  San  Francisco,  New  York,  Los  Angeles 
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RESEARCH  AND  DEVELOPMENT 

Sun  Sensor  Orients  Space  Craft 


Stationary  sun-position  sensor 
could  establish  one  axis  of  a  co¬ 
ordinate  reference  system  on  a  space 
vehicle.  The  system  was  described 
by  G.  C.  Anthony,  IBM  Airborne 
Computer  Laboratory,  and  F.  A. 
Boyer,  Instrumentation  Div.,  I  T  & 
T.,  at  the  1960  Winter  Convention 
on  Military  Electronics. 

The  sensor  consists  of  two 
cubes,  each  having  five  faces 
covered  with  a  light-sensitive  ma¬ 
terial.  It  generates  a  signal  propro- 
tional  to  the  amount  of  light  energy 
striking  the  face.  The  sensor 
establishes  light-source  position  re¬ 
lative  to  the  space  craft  by  estab¬ 
lishing  a  relationship  between  il¬ 
lumination  on  three  faces  and  the 
vehicle  position  vector  relative  to 
the  sun. 

The  sensor  could  also  provide  in¬ 
formation  for  ground  computation 
of  vehicle  attitude  relative  to  the 
sun  and  for  stabilizing  solar  cells 
and  scientific  sun-sensing  instru¬ 
ments. 

Requirements 

Reliability  will  be  a  major  factor 
in  interplanetary  missions  because 
they  will  last  a  year  or  more.  It 
would  be  desirable  to  turn  off  navi¬ 
gation  equipment  during  most  of 
the  trip  using  it  only  occasionally 
to  check  position. 

Since  the  vehicle  will  be  injected 
into  an  elliptical  heliocentric  orbit 
with  limitations  on  injection  para¬ 
meters,  approximate  location  in  the 
solar  system  can  be  calculated  at 
any  instant.  In  the  heliocentric 
orbit  in  Fig.  A,  nominal  vehicle 
positions  have  been  computed  for 


FIG.  2— Spherical  coordinate  system  (A) 
is  fixed  with  respect  to  vehicle  with  sensor 
surfaces  (B)  established  relative  to  the 
X,  y  and  x  axes 

times  f,  and  L,  The  navigation  sys¬ 
tem  verifies  the.se  positions  by 
celestial  observations. 

Conventional  attitude  -  sensing 
systems  establish  reference  co¬ 
ordinates  by  setting  up  initial  con¬ 
ditions  and  continuously  monitoi*- 
ing  changes.  They  provide  no  useful 
attitude  or  position  information 
after  periods  of  inoperation  with¬ 
out  a  search  for  reference  objects. 

By  identifying  an  object  of  first 
order  brightness  (the  sun)  and 
knowing  approximate  vehicle  posi¬ 


tion  in  the  solar  system,  one  axis  of 
a  reference  coordinate  sy.stem  is 
established.  Conical  angle  A  in  Fig. 
IB  between  the  line  of  sight  to  the 
sun  and  a  planet  or  star  can  be 
determined  from  a  celestial  map.  A 
second  axis  of  reference  can  b«3 
identified  by  inaugurating  a  conical 
scan  to  locate  the  second  celestial 
landmark. 

Line  of  sight  to  the  sun  can  be 
established  with  the  sun-position 
sensor.  To  prevent  vehicle  shadows 
from  falling  on  sensor  surfaces,  a 
cubic  sensor  is  used  on  each  side 
of  the  vehicle.  The  sensor  without 
prior  search  identifies  the  position 
of  a  light  source  relative  to  sensor 
position  in  space.  It  gives  instan¬ 
taneous  position  identification  of 
the  sun  by  complete  coverage  of  the 
entire  celestial  .sphere  and  has  no 
moving  parts  to  affect  dynamics  of 
the  vehicle.  Power  consumption  is 
leas  than  an  inertial  platform.  Be¬ 
cause  of  its  simplicity  and  intermit¬ 
tent  operation,  it  is  inherently 
reliable.  The  axis  reference  re¬ 
quires  no  previous  attitude  in¬ 
formation. 

Analysis 

Relative  position  of  the  sun  with 
respect  to  the  vehicle  axes  is 
obtained  by  relating  light  energy 
falling  on  each  face  of  the  cubic 
.sensor  to  spherical  coordinates  of 
the  sun  position  vector  r.  Azimuth 
and  elevation  angles  are  ff  and  <(), 
respectively.  Rate  information  is 
obtained  by  measuring  instantane¬ 
ous  angular  velocity  of  azimuth  and 
elevation  servos  or  by  noting  an¬ 
gular  deviations  between  two  suc¬ 
cessive  fixes  in  a  given  time. 

The  sensor  in  Fig.  2A  is  mounted 
on  the  yaw  axis  with  one  cube  on 
each  side.  The  spherical  coordinate 
system  is  fixed  with  respect  to  the 
vehicle.  Sun  rays  are  assumed 
parallel  because  over-all  length  of 
the  sensor  is  small  compared  to 
radial  distance  from  the  sun.  Vector 
r  describes  range  to  the  sun,  with 
direction  defined  by  asimuth  fi  and 
elevation  angles.  Angular  polarity 
is  chosen  by  the  right-hand  rule. 

Cubes  A  and  B  are  in  the  posi- 


FIG.  1  — Heliocantric  orbit  (A)  shows  how  positions  con  b«  datermined  at  times  ti  and  ti. 
Conical  search  pattern  (B)  locates  second  celestial  landmark 
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Order  6  tunnel  diodes  (TlOl  or  T102)  for 
$150,  or  request  price  on  other  types  from 
the  nearest  Sperry  sales  office  listed  below. 


'*1  Ull*’ 


See  us  at  IRE  booth  2434 
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Stokes  high  vacuum  oven 
installed  in  dry  box  at 
Raytheon’s  Semiconductor 
Division.  Vacuum  gages  ore 
on  top  ot  dry  box. 


tive  and  negative  directions,  respec¬ 
tively,  on  the  2  axis.  In  Fig.  2B, 
letter  subscripts  identify  the  sen¬ 
sors,  and  surfaces  normal  to  x,  y 
and  2  axes  have  number  subscripts 
1  and  2  to  identify  faces  normal  to 
positive  or  negative  axes,  respect¬ 
ively.  Luminous  flux  from  the  sun 
in  the  small  solid  angle  subtended 
by  one  face  in  Fig.  3  is  F  =  /  A  cos 
y/r*  in  lumens,  where  I  is  luminous 
intensity  of  the  sun,  A  is  face  area 
and  y  is  angle  between  the  normal 
to  the  face  and  the  line  between  the 
vehicle  and  the  sun. 


FACE  CENTER- 


LINE  JOINING  SENSOR  FACE 
AND  SUN  (DISTANCE  OF  r)- 


FIG.  3— Diagram  shows  amount  of  lum¬ 
inous  flux  intorcoptod  by  sonsor  faco 


Transistor  reliability  improved 
with  Stokes  High  Vacuum  Ovens 


Illumination  E  of  the  sensor  face 
is  equal  to  the  luminous  flux  in¬ 
cident  per  unit  area;  hence,  E  = 
F/A  =  /  cos  y/r*  lumens/meter*. 

Having  identifled  each  face  with 
respect  to  body  axes  and  having  de¬ 
fined  spherical  coordinates  of  the 
sun  with  respect  to  these  axes,  the 
system  must  then  determine  the 
angle  of  incidence  of  the  sun’s  rays 
on  each  face.  Angles  between  the 
sun-position  vector  and  the  x,  y 
and  2  axes  are  related  mathematic¬ 
ally  to  the  spherical  coordinate 
angles  0  and  (f>. 


Stokes  High  Vacuum  Ovens  are  featured  in  an  entirely  new  method 
of  baking  and  processing  transistors  at  the  Semiconductor  Division, 
Raytheon  Manufacturing  Co.  at  Newton,  Mass.  Chosen  because 
they  met  the  rigid  requirements  set  by  Raytheon  engineers,  these 
ovens  assure  improved  transistor  quality  and  uniformity,  more 
stable  electrical  parameters  and  increased  production. 

Operating  continuously  24  hours  a  day,  the  twelve  Stokes  ovens 
consistently  maintain  the  conditions  demanded  by  Raytheon’s 
closely  controlled  drying  technique.  Yet  only  one  operator  per  shift 
is  required  to  attend  six  ovens. 

If  high  vacuum  is  an  impor-  | 

tant  aspect  of  your  present  or  ^  »  - 

planned  process,  Stokes’  long  « 

experience  in  vacuum  tech-  ^|||||||||||||[|||^^ 

niques,  and  in  designing  and 

manufacturing  high  vacuum 

equipment,  can  be  of  valuable  | 

aid.  Your  inquiry  is  invited. 


Intermittent  Recorder 
For  Distant  Sf erics 

Recording  system  simultaneously 
photographs  randomly  occurring 
events  displayed  on  an  oscilloscope 
screen  and  the  precise  time  of  each 
event.  The  camera  was  developed  by 
the  National  Bureau  of  Standards 
to  record  electromagnetic  radiation 
from  lightning  (sferics)  propa¬ 
gated  over  long  distances. 

Because  a  picture  is  taken  only 
when  the  camera  is  triggered  by 
the  event  to  be  photographed,  film 
consumption  is  reduced  consider¬ 
ably.  Station  WWV  synchronizes 
the  system  with  accuracy  dependent 


Tho  Sloko*  Modol  236  Vacuum  Baking 
Ovon  includos  fully  aufomotic  intiru- 
montoNen. 


Vacuum  Equipment  Division 
F.  J.  STOKES  CORPORATION 
.*5500  Tabor  Road,  Philadelphia  20,  Pa. 
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For  more  information  about  the  4-326  and  4-327  —  CEC’s  finest 
achievements  in  strain  gage  transducers  —  write  today  for  Bulletins 
CEC  1620-X8  and  1626-X  i. 


Transducer  Division 


They're  already  reordering 


only  on  propagation  variables  of 
the  time  signal.  A  complete  cycle 
takes  7  millisec. 


Operation 

The  rapid  frame  rate  of  the  cam¬ 
era  is  obtained  with  a  high-speed 
clutch  between  the  film  drive  and 
a  continuously  revolving  flywheel. 
Clutch  actuation  mechanism  is  sim¬ 
ilar  to  a  large  electrodynamic 
speaker.  A  pulse  triggered  by  the 
signal  is  applied  to  the  clutch  part 
corresponding  to  the  voice  coil.  A 
cone  is  driven  into  engagement 
with  the  flywheel  and  rotates  a 
small  drum  in  contact  with  the  film. 
Pulse  length  is  such  that  rotation 
of  the  drum  pulls  exactly  one  frame 
of  film  past  the  lens  opening. 

Peak  power  to  the  voice  coil  is 
about  35  kw.  Power  surges  of  this 
magnitude  may  be  repeated  at  in¬ 
tervals  of  only  a  few  milliseconds 
by  using  two  capacitors  and  two 
thyratrons  in  a  series  arrangement. 
An  88-^f  capacitor  is  discharged 
through  the  voice  coil  by  one  thy- 
ratron.  After  a  short  delay,  it  is 
recharged  from  a  l,600-/if  capacitor 
by  the  other  thyratron.  Thus  power 
required  to  operate  the  system  need 
only  provide  average  current  suf¬ 
ficient  to  maintain  the  charge  on 
the  large  capacitor  at  maximum 
duty  cycle. 


And  here's  why... 

Users  tell  us  that  these  small  but  rugged 
transducers  can  really  take  it  —  even  in  the 
most  severe  environments.  They’ve  seen 
the  high-performance  4-326  at  work  in  such 
demanding  applications  as  rocket  test 
stands . . .  they’ve  noted  that  the  new  4-327 
has  the  best  inherent  performance 
capabilities  of  any  flush-mounted  strain 
gage  product  available. 


The  4-327  measures  high  frequency 
gage  or  absolute  pressures  to  5,000  psi. 

The  4-326  covers  a  range  to  10,000  psi.  Both  stand  up  to  severe 
acoustical  noise  and  provide  low  acceleration  response. 

A  precise,  reliable  performer  that  can  be  close  coupled  with  an 
engine,  the  4-326  shows  extreme  stability  at  1,000  g’s  at 
temperatures  from  -320“F.  to  4'300'’F.  Its  mounting  insensitivity 
is  assured  by  an  integral  isolation  pressure  fitting. 


Time  Display 

Event  time  is  displayed  by  an 
array  of  small  neon  bulbs  that  indi¬ 
cate,  in  binary  fashion,  numbers 
corresponding  to  hour  and  date. 
The  bulbs  are  illuminated  by  a 
100-;xsec  pulse.  The  timing  circuit 
consists  of  conventional  decimal¬ 
counting  units  arranged  to  count 
from  10  fisec  to  31  days  with  the 
count  controlled  by  a  precision 
100-kc  standard. 

Each  decimal-counting  unit  has 
a  binary  output  that  is  read  out  by 
the  same  pulse  that  triggers  the 
camera.  To  prevent  ambiguity  in 
readout  if  the  binary  output  is 
changing  state,  readout  time  is  con¬ 
trolled  by  the  timer.  The  readout 
is  made  by  the  first  lOO-^xsec  pulse 
following  the  event  to  be  recorded. 
Shorter  times  are  resolved  by  time 
markers  on  an  oscilloscope  trace 
.separated  from  the  signal  display 
trace. 


CIRCLE  65  ON  READER  SERVICE  CARD  ^ 


CONSOLIDATED  ELECTRODYNAMICS  /  pasadena,  California 


Bello  Howell  •  t-HOh  -  rs  '.mo  -.'O.v 


Designing  With  Rotary  Solenoids 


By  LEO  ORLANDO,  Field  Engineer,  G.  H.  Leland,  Inc.,  Dayton,  Ohio 


of  the  magnetic  field  on  the  arma¬ 
ture  and,  therefore,  the  lesser  the 
force  of  the  armature  toward 
the  stator.  By  the  same  token,  the 
smaller  the  air  gap,  the  greater 
the  effect  of  the  magnetic  field  on 
the  armature  and  therefore  the 
greater  the  force. 

For  this  reason,  in  most  solenoids 
there  is  less  pull-force  created  at 
the  beginning  of  the  armature’s 
movement,  when  the  air  gap  is  at 
its  widest,  than  when  the  armature 
moves  further  into  the  magnetic 
field  and  greater  pull-force  devel¬ 
ops.  Generally,  most  solenoids  have 
less  work  potential,  by  far,  at  the 
beginning  of  the  stroke  than  to¬ 
ward  the  end  of  the  stroke,  when 
the  air  gap  becomes  smaller. 

Helical  Rotary 

A  notable  exception  is  the  highly- 
efficient  ball-race  rotary  solenoid 
developed  by  G.  H.  Leland  Inc., 
Dayton,  Ohio.  Basically  a  straight- 
pull  unit  with  a  very  short  air  gap, 
it  has  an  armature  supported  by 
three  precision  ball  bearings  in  ball 
races.  When  the  solenoid  is  ener¬ 
gized,  the  armature  is  pulled  into 
the  coil.  However,  as  the  ball  bear¬ 
ings  move  down  the  compound  in¬ 
cline  of  the  ball  races,  the  arma¬ 
ture  follows  the  direction  of  the 
ball  bearings  and  moves  in  a  rotary 
motion. 

In  this  conversion  the  incline  of 
the  ball  races  is  steep  at  the  be¬ 
ginning  of  the  rotary  stroke,  when 
the  gap  is  widest,  then  gradually 
levels  off  as  the  balls  approach  the 
deep  end  of  the  ball  races.  This 
transfers  torque  to  the  start  of  the 
stroke,  where  it  is  usually  needed, 
and  gives  a  virtually  flat  torque- 
versus-stroke  curve,  (see  Fig.  1). 
In  precision  applications,  such  as 
computers,  commercial  tape  record¬ 
ers,  vending  machines,  waveguide 
switches  and  aircraft  communica¬ 
tions  equipment,  where  reliability 
is  essential,  d-c  solenoids  are  em¬ 
ployed  almost  exclusively. 

The  ball-race  rotary  solenoid 
gives  maximum  power  output  with 
minimum  size  and  weight.  The  coil 


With  space  and  weight  savings  be¬ 
coming  increasingly  important, 
rotary  solenoids  are  achieving  im¬ 
pressively  greater  application  in 
the  design  of  automation,  communi¬ 
cation  and  electronic  equipment. 

Essentially,  solenoids  convert 
electrical  pulses  into  mechanical 
motion.  Their  principal  parts  are 
the  coil-core,  or  stator,  which 
creates  an  electromagnetic  field, 
and  the  armature,  which  is  drawn 
to  close  the  field.  The  movement 
of  the  armature  produces  work. 

The  space  between  the  armature 
and  the  core  is  the  air  gap.  The 
greater  the  gap,  the  lesser  the  effect 


.ROTARY 

FORCE 


-STRAIGHT-PULL 

FORCE 


START 


STROKE 


FIG.  1— Halical-typ«  rotary  toUneidt  hovo 
a  forco  that  it  practically  uniform  during 
tho  ttroko.  In  ttroight-pull  tolonoidt, 
pivotal,  or  puro  rotary  typos,  that  forco  it 
low  at  tho  boginning  of  tho  ttroko,  but 
ritot  sharply  towards  complotion  of  tho 
ttroko 


is  wound  by  a  special  precision 
process  that  puts  the  maximum 
amount  of  copper  into  the  allowable 
space  and  results  in  each  Ledex 
solenoid  developing  tremendous 
force  for  its  size  and  power  input — 
up  to  four  times  as  much  as  or¬ 
dinary  solenoids.  Yet  a  relatively 
uniform  torque  curve  is  maintained 
across  the  stroke. 

This  uniform  curve  is  due  to  a 
ball-race  method  that  transfers 
torque  to  the  beginning  of  the 
stroke,  where  it  is  usually  required. 
Virtually  all  the  energy  from  the 
motion  of  the  armature  is  turned 
into  rotary  energy. 

The  roller-cam  rotary  .solenoid 
also  takes  advantage  of  a  complete 
magnetic  circuit  with  a  single  mov¬ 
ing  air  gap. 

In  this  case,  when  the  coil  is 
energized,  the  armature  is  pre¬ 
vented  from  rotating  by  member  or 
members.  It  travels  in  a  straight 
line  into  the  coil  and,  as  the  air 
gap  is  closed,  axial  forces  are  ex¬ 
erted  upon  shaft  rollers  by  the 
cams.  Since  radial  thrust  bearings 
restrict  the  shaft  from  axial  move¬ 
ment,  the  axial  force  is  converted 
to  torsional  force. 

The  ball-race  solenoid  requires 
fewer  parts  than  the  more-expen¬ 
sive  roller-cam  type,  which  may 
account  for  its  considerably  longer 
life  and  probably  greater  reliabil¬ 
ity.  In  general,  however,  compared 
to  other  solenoids  both  produce  the 


Almott  solid  stool  and  coppor,  this  ball- 
raco,  holical-typo  rotary  solonoid  has  a 
procision-wound  coil  that  puts  tho  maxi¬ 
mum  amount  of  coppor  into  tho  allowablo 
spaco.  This  rosuhs  in  maximum  powor 
output  with  minimum  sizo  and  woight 


Tho  rotary  solonoids  liko  this  ono  aro  usod 
in  missilos,  aircraft  and  satollitos,  and 
much  of  today's  oloctronic,  automation 
ond  communication  oquipmont. 
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Higher  permeability  values  OQW  guaranteed 
for  Allegheny  Ludlum's  Moly  Permalloy 


Means  new,  consistent  and  predictable 
magnetic  core  performance 

Molybdenum  Permalloy  nickel-iron  strip  is  now  available 
from  Allegheny  Ludlum,  with  higher  guaranteed  perme¬ 
ability  values  than  former  typical  values.  For  the  buyer, 
this  new  high  quality  means  greater  uniformity  . . .  more 
consistent  and  predictable  magnetic  core  performance. 

This  higher  permeability  is  the  result  of  Allegheny 
Ludlum’s  intensive  research  on  nickel -bearing  electrical 
alloys.  A  similar  improvement  has  been  made  in  AL-4750 
strip  steel.  A-L  continues  its  research  on  silicon  steels, 


including  Silectron,  well-known  grain-oriented  silicon 
steel,  and  other  magnetic  alloys. 

Complete  facilities  for  the  fabrication  and  heat  treat¬ 
ment  of  laminations  are  available  from  Allegheny  Ludlum. 
In  addition,  you  can  be  assured  of  close  gage  tolerance, 
uniformity  of  gage  throughout  the  coil,  and  minimum 
spread  of  gage  aaoss  the  coil-width. 

If  you  have  a  problem  relating  to  electrical  steels, 
laminations  or  magnetic  materials,  call  A-L.  Prompt  tech¬ 
nical  assistance  will  be  yours.  And  write  for  more  in¬ 
formation  on  Moly  Permalloy.  Allegheny  Ludlum  Steel 
Corporation,  Oliver  Building,  Pittsburgh  22,  Pa, 
Address  Dept.  E-27, 


ALLEGHENY  LUDLUM 

STHLMAKBRS  TO  THB  ■UBCTRICAL  INDUSTRY 

Export  Piitribvtion,  EloAricil  Motorialt:  AIRCO  INTERNATIONAL  INC.,  NYC  17 
Export  Rixtribotioo,  Ltmioitiono:  AO.  AURIEMA,  NYC  4 
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10 

WATTS 

OF 

POWER 

from 


dc  to  1  megacycle! 


highest  torque-for-given-size  and 
perform  more  work  in  ratio  to  the 
wattage  input. 

Depending  on  the  type  and  size 
of  solenoid,  the  actuation  speed  will 
run  from  one  to  100  milliseconds. 
Naturally,  the  time  will  be  affected 
by  the  load  and  the  power  input. 
The  greater  the  load  of  a  given 
unit,  the  slower  the  actuation  with¬ 
in  the  range  of  limitations.  By  the 
same  token,  the  smaller  the  unit, 
the  faster  the  actuation.  Depend¬ 
ing  on  coil,  wire  size,  number  of 
windings,  size  of  unit,  and  so  forth, 
operation  of  rotary  solenoids  can 
be  from  two  to  400  volts.  The  type 
of  coil  to  be  used  is  determined  by 
the  power  source  available,  the 
duty  cycle,  the  torque  requirements, 
and  the  operating  conditions. 


Torque  Requirements 

Since  virtually  any  wire  size  can 
be  used  to  wind  the  coil,  there  are 
no  problems  in  meeting  these  de¬ 
mands.  Torque  requirements  are 
equally  simple  to  meet,  since  the 
range  of  torque  available  goes  from 
less  than  one  gram-centimeter  up 
to  100  pound-inches. 

Current  requirements  are  ap¬ 
proximately  proportional  to  the 
torque  needed.  For  instance,  if  a 
unit  that  is  no  larger  in  diameter 
than  3i  in.  and  no  greater  in  depth 
than  2i  in.  is  to  achieve  100  pound- 
inches  of  torque  with  reliability,  it 
will  require  considerable  current. 

Solenoids  can  be  made  to  meet 
varied  temperature  specifications. 
Basically,  however,  mo.st  solenoids 
will  withstand  coil  temperatures 
up  to  120  C,  although  90  C  is  usu¬ 
ally  considered  safer.  Some  sole¬ 
noids  feature  a  coil  option  that  per¬ 
mits  coil  temperatures  up  to  175 
C.  It  is  very  probable  that  the  de¬ 
velopment  of  new  high-tempera¬ 
ture-resistant  materials  will  result 
in  even  higher  temperature  limits. 

Solenoids  can  also  be  made  to 
cover  a  wide  range  of  operation, 
from  highly-intermittent  duty  to 
continuous  duty.  However,  as  a 
solenoid  progresses  from  intermit¬ 
tent  to  continuous  duty,  a  decrea.se 
in  torque  can  be  expected.  There 
are  some  stalled-motor  types  of 
rotary  solenoids  designed  specifi¬ 
cally  for  continuous  duty,  but  they 
rarely  achieve  a  torque  as  high  as 
that  available  from  such  solenoids 


NEW  from  Krohn-Hite :  this  unique  combination  of  power  and  band¬ 
width!  The  Model  DCA-10  direct-coupled  amplifier  allows  you  to 
increase  power  of  all  sources  from  dc  to  one  megacycle,  without  the 
bother  of  changing  amplifiers  or  bandswitching! 


The  DCA-lO’s  low  distortion  (0.1%)  makes  it  the  perfect  comple¬ 
ment  for  low-distortion,  quality  oscillators  —  for  unexcelled  per¬ 
formance  over  the  entire  frequency  range. 


Output  —  to  300  volts  peak  to  peak,  to  600  milliamperes  peak  to 
peak.  Frequency  response  is  flat  within  one  db,  from  dc  to  1  me. 
Stability  is  excellent  for  both  output  dc  level  and  gain. 


The  Model  DCA-10  direct-coupled  amplifier  provides  high,  distor¬ 
tion-free  power  over  the  entire  range  from  sub-sonic  into  radio¬ 
frequencies.  Twenty  watts  of  push-pull  power  can  be  obtained  from 
two  DCA-lO’s  cascaded.  If  this  high-quality,  flexible  amplifier  can 
fill  a  need  for  you,  write  for  full  information. 


Other  Krohn-Hite  amplifiers  include  the  direct-coupled  50  watt 
DCA-50,  and  the  ultra-low  distortion  (0.005%)  50  watt  UF-IOIA. 
A/so,  Krobn-Hite  Oscillators,  Filters  and  Power  Supplies. 


See  us  at  IRE  Booth  3708-3710 


KROHN-HITE  CORPORATION 

580  Massachusetts  Avenue  •  Cambridge  39,  Mass, 

Pioneering  in  Quality  Electronic  Instruments 
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as  the  ball-race  type. 

In  addition,  as  the  temperature 
increases  internally,  due  to  the 
power  input,  and  environmentally, 
there  is  also  a  decrease  in  torque. 

All  these  factors  should  be 
considered  at  the  outset — in  the 
design  stage.  To  avoid  possible 
complications,  the  solenoid  manu¬ 
facturer  should  always  be  consulted 
before  a  production  design  requir¬ 
ing  his  unit  is  finalized. 

Take-Offs 

Strokes  of  practically  any  degree 
of  rotation  are  available  within  a 
95  deg.  arc.  In  general,  the  shorter 
the  stroke,  the  shorter  the  air  gap 
and  the  greater  the  torque. 

The  power  in  solenoids  can  be 
harnessed  in  many  ways.  Most 
common  is  the  extension  of  a  shaft 
from  either  end,  or  both.  The  shaft 
has  a  rotary  motion,  and  a  load  can 
be  directly  affixed,  or  a  lever  or 
pin  connected — either  to  the  shaft 
or  to  the  load. 

A  load  can  be  connected  directly 
to  the  armature  of  solenoids  with 
armature  plates  by  using  pins  or 
tapped  holes.  Floating-type 
ratchets  can  be  had  also,  resulting 
in  an  indexing  motor  when  both 
ratchet  and  detent  mechanism  are 
used. 

A  natural  outcome  of  a  rotary 
solenoid  with  ratchet  drive  mecha¬ 
nism  and  detent  is  the  rotary 
selector  switch — many  types  of 
which  are  manufactured,  all  actu¬ 
ated  by  a  rotary  solenoid  and  with 
varying  degrees  of  power-carry¬ 
ing  potential  and  versatility. 


Tunnel  Diode  Sample 


No  biggor  than  rtto  hood  of  a  match,  and 
holding  groat  promiso  for  applications  in 
mitsilos,  satollitos  and  ultra-high>spood 
data>procotsing  systoms,  this  RCA  gorma- 
nium  tunnol  diodo  is  among  many  new 
being  offered  to  the  electronics  industry 
for  experimental  purposes  on  a  commer¬ 
cial  sampling  basis.  The  diodes  can  oper¬ 
ate  as  amplifiers,  mixers,  or  detectors 


Powerful  individuals  in  Congress,  The  Pentagon, 
the  State  Department  and  elsewhere  can  influence 
the  business  plans  of  scores  of  electronics  manufac¬ 
turers. 

electronics  reports  on  policy  makers  who  influ¬ 
ence  decisions  on  guided  missiles,  basic  scientific 
research,  government  communications  policy  and 
many  other  sensitive  subjects. 

The  highlights  are  summed  up  in  3  minutes 
reading  time.  More  detailed  reports  on  particularly 
important  subjects  are  specially  edited  for  quick 
and  easy  reading. 

electronics  names  names . . .  tells  the  implications 
of  new  developments  . . .  keeps  you  informed.  See 
“Washington  Outlook”  —  a  regular,  weekly  report. 
Act  now !  For  a  new  subscription  or  a  renewal,  fill 
in  box  on  Reader  Service  Card.  Easy  to  use.  Post¬ 
age  free. 

FIND  WHAT 

YOU  NEED  IN... 
electronics 


«9 
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PRODUCTION  TECHNIQUES 


Jig  hoMt  81  tab  rings.  Air  prtssur*  r«< 
strict!  solution  to  tab  area 


Solder  plating  setup.  Plating  solution 
drips  onto  anode  swob,  which  applies 
solution  to  jig 


Brush  Plating,  Jig  Speed  Soldering 


Precision  solder  plating  of  transis-  probe  and  magnifying  glass, 
tor  tabs  at  high  production  rates  is  The  jigs  are  designed  to  expose 
accomplished  at  International  Busi-  only  the  tab  area  of  the  rings  to  the 
ness  Machines  Corporation’s  Pough-  plating  solution.  Air  pressure  is 
keepsie,  N.  Y.,  plant  with  a  brush 
plating  method  and  an  air-operated 
masking  jig.  Plating  is  applied  to 
areas  as  small  as  0.001  square  inch 
with  a  thickness  tolerance  of  ±  20 
millionths. 

Alloys  of  tin,  lead,  bismuth,  gal¬ 
lium  or  indium  are  applied  to  se¬ 
lected  areas  of  a  ring  A  inch  in  di¬ 
ameter,  to  which  a  semiconductor 
wafer  is  subsequently  fused  in  an 
automatic  furnace  operation.  Solder 
was  formerly  applied  by  hand  with 
a  fine  soldering  iron  tip.  The  work 
was  tedious  and  quality  control  diffi¬ 
cult.  The  solder  must  not  contami¬ 
nate  the  ring’s  center  hole. 

Plating  Process 

Parts  are  electroetched  to  ensure 
chemical  cleanliness.  Before  plating, 
parts  and  jigs  are  rinsed  in  running 
water.  Jigs  hold  81  parts  and  are 
loaded  with  the  aid  of  a  vacuum 


used  to  push  a  series  of  pins  up 
through  the  center  holes  of  the 
rings,  masking  the  holes.  The  air 
pressure  also  prevents  the  plating 


Pins  align  popor  negotiv*  of  computer  circuit  with  copper-clod  laminate 


PLASTIC-BACKED  paper  negatives  are 
used  to  transfer  etched  circuit  wir¬ 
ing  patterns  onto  copper-clad  epoxy 
glass  laminates,  at  Librascope,  Inc., 
Glendale,  Calif.  The  process  reduces 
alignment  and  damage  problems 
and  insures  dimensional  stability  of 
the  negative.  Film  negatives  can  be 
stretched  or  shrunken  by  changes 
in  temperature  and  humidity,  and 
must  be  carefully  handled  to  pre¬ 
vent  scratches  and  abrasions. 

Librascope  transfers  the  reversed 


image  of  the  circuit  onto  a  thin, 
translucent  paper  stock  and  bonds  it 
to  a  rigid  plastic  sheet.  Use  of  the 
plastic  backing  also  permits  another 
innovation,  alignment  pins.  All  cir¬ 
cuit  board  laminates  are  jig-drilled 
with  alignment  holes  at  the  corners, 
before  being  sent  to  the  printing 
lab.  Pins  inserted  in  the  corners  of 
the  negative  support  correspond 
with  the  holes  in  the  board.  The 
pins  hold  the  board  firmly  in  align¬ 
ment  during  printing. 
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BIG  FLOORS 


}t^V 

COMPONENTS 


BIG  DAYS... 


otfheIRE  NATIONAL  CONVENTION 
and  RADIO-ENGINEERING  SHOWI 


see  all  there 
is  to  see... 
from  TOP 

fo  BOTTOM 


Tt  doesn’t  matter  how  you  manage  it  — by  starting  at  the 
fourth  floor  with  Production  Items,  on  to  the  third  floor  for 
Systems  and  Instruments,  then  down  to  Two  and  One  for 
Components  —  or  the  reverse  —  what  does  matter  is  that  you 
see  ALL  there  is  to  see  at  the  IRE  National  Convention  and 
Radio-Engineering  Show  at  the  New  York  Coliseum,  March 
21-24.  You  could  even  take  in  one  floor  a  day!  Remember, 
there  are  4  BIG  FLOORS . . .  and  4  BIG  DAYS ...  so,  plan 
your  trips  to  the  Coliseum  so  that  you  don’t  miss  anything. 


The  opportunity  to  see  SO  MUCH  that’s 
NEW  in  the  radio-engineering  field  comes 
but  once  a  year  with  this  giant  IRE  National 
Convention  and  Radio -Engineering  Show. 
Be  UP  on  your  field  with  a  thorough  knowl¬ 
edge  of  the  displays  and  exhibits  that  will  be 
shown  as  NEW  IDEAS  in  RADIO-ELEC¬ 
TRONICS,  from  the  top  fourth  floor  to  the 
bottom  first  floor,  at  the  New  York  Coliseum! 


MARCH  ai,  32,  23,  24 


The  IRE  NATIONAL  CONVENTION 
Waldorf-Astoria  Hotel 


The  RADIO  ENGINEERING  SHOW 
Coliseum,  New  York  City 


The  Institute  off  Radio  Engineers  •  1  East  79th  St.,  New  York  21,  N.  Y. 
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Jig  in  petition  on  OKilloting  platen 


solution  from  seeping  down  be¬ 
tween  the  parts  and  the  jig,  com¬ 
pleting  the  masking  operation. 

The  Dalic  electrodeposition  proc¬ 
ess,  of  Sifco  Metachemical,  Inc., 
Cleveland,  Ohio,  is  used.  This  proc¬ 
ess  employs  a  carbon  anode, 
wrapped  with  a  cotton  swab  satu¬ 
rated  with  the  appropriate  metallic 
plating  solution,  as  a  stylus.  The 
stylus  is  normally  rubbed  over  the 
surface  to  be  plated. 

Drip-fed  Swab 

IBM  places  the  loaded  jigs  on  an 
oscillating  platen  under  the  stylus. 
The  platen  moves  the  jig  back  and 
forth  and  from  side  to  side.  The 
stylus  is  rotated  by  an  electric  mo¬ 
tor  which  indexes  it  about  a  quarter 
turn  every  few  seconds  to  equalize 
wear  on  the  cotton  swab.  A  drip 
feed  supplies  solution  to  the  stylus. 
Excess  solution  is  channeled  into  a 
container  for  analysis  and  possible 
reuse. 

The  amount  of  metal  deposited  is 
regulated  by  measuring  the  current 
density  through  the  associated  Dalic 
rectifier  unit.  Its  ampere-hour  me¬ 
ter,  graduated  in  0.01  ampere-hour 
increments,  is  set  to  zero  before 
plating  begins.  When  the  indicator 
reaches  a  predetermined  figure,  the 
desired  thickness  has  been  reached. 

After  plating,  the  fixture  is  re¬ 
moved  from  the  platen  and  rinsed 
under  water.  Each  tab  is  inspected 
through  a  microscope  for  proper 
plating.  Defective  part.s  are  re¬ 
moved  from  the  fixture  with  tweez¬ 
ers.  The  process  can  also  be  used  to 
apply  other  metallic  platings,  in¬ 
cluding  noble  metals,  zinc  and  iron. 


practical  answers  to  your  marking  problems 


This  12-page  booklet  explains  how  the  electrical  or  electronic  product  you 
make  can  be  marked  —  at  production  speeds  —  with  clear  imprints  that 
hold.  Are  you  looking  for  a  way  to  mark  odd  shapes  —  a  practical  short-run 
marking  method  —  an  ink  that  will  hold  on  an  unusual  surface,  or  withstand 
temperature,  handling,  moisture  or  other  conditions?  This  catalog  describes 
machines,  printing  elements  and  inks  that  will  meet  your  requirements  in  the 
marking  of  products  ranging  from  subminiature  components  to  panels  and 
chassis.  There  are  special  sections  with  practical  answers  to  color  banding. 
Underwriters’  Laboratories  manifest  label  legend  marking,  tape  and  label 
printing,  wire  and  tube  marking,  efficient  “in-line”  marking.  For  your  copy 
of  the  Markem  Electrical  Catalog,  write  Markem  Machine  Co.,  Electrical 
Division,  Keene  5,  New  Hampshire. 


Coding  Teflon  Wire 

Special  color  codes  can  be  applied 
to  polyvinyl  chloride-coated.  Teflon- 
insulated  wires  with  ink  containing 


EVERYTHING  INDUSTRY  NEEDS  ...  FOR  PROFITABLE  MARKING  .  .  .  SINCE  1911 
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a  rapidly  evaporatinfr  solvent. 
Freon-MF  (Du  Pont)  is  u.sed  to 
prevent  color  migration  and  .soften¬ 
ing  of  the  pvc.  Colors  are  applied 
by  low-cost  applicators  manufac¬ 
tured  by  Spectra-Strip  Wire  & 
Cable  Corp.,  Garden  Grove,  Calif. 
Wire  is  immersed  in  a  dye  container 
and  rewound,  for  .solid  colors.  Two- 
color  stripes  are  obtained  by  apply¬ 
ing  ink  from  two  containers  and 
then  twisting  the  wire. 


Toggle  Clomp  Mokes 
Portoble  Punch  Press 

Hand  press  made  from  a  toggle 
clamp  is  used  at  B/W  Controller 
Corp.,  Birmingham,  Mich.,  to  punch 
mounting  holes  in  16-gage  steel  re¬ 
lay  cases.  Holes  are  punched  after 
the  case  is  coated,  since  hole  sizes 
and  locations  vary. 

A  heavy  duty  plunger-type  toggle 
clamp  (Model  650,  Detroit  Stamp¬ 
ing  Co.,  Detroit,  Mich.)  has  a  han¬ 
dle  extension  and  support  braces 
welded  to  the  handle.  The  clamp  is 
mounted  on  a  steel  block  supported 
by  short  columns.  A  punch  is 
screwed  on  the  plunger.  A  die  but¬ 
ton  is  placed  in  a  locator  block  that 
also  serves  as  a  platen  to  support 
the  case.  A  heavy-duty  spring 
slipped  over  the  punch  keeps  the 
handle  in  a  raised  position  when  the 
press  is  not  in  use. 


WvMmI  handl*  •xtantion  givM  punching 
inytrag* 


The  press  can  be  bolted  to  a  port¬ 
able  table  or  bench  and  is  light 
enough  to  carr>’.  Piercing  force 
generated  exceeds  5,000  pounds. 
Production  speed  is  reported  to  be 
about  100  cases  an  hour,  due  to 
elimination  of  burrs  and  coating 
chipping. 


Storage  at 
Less  than 
1Va<  per  bit  I 


v/ith  the 

Bryant  Model  7508 
Magnetic 
Storage  Drum 

Bryant's  new  Model  7508  Magnetic 
Storage  Drum  offers  you  a  convenient  size 
memory  at  extremely  low  cost-per-bit. 
(Less  than  1.5  cents  per  bit.) 

This  compact  and  efficient  7.5"  diam¬ 
eter  by  8''-long  drum  is  enclosed  in  its 
own  dust-tight  cabinet.  Complete  with 
connectors  and  isolator  mounts.  Overall 
dimensions  are  14"  diameter  by  16"  high. 

Standard  Operating  Parameters 
include: 

Bit  Repetition  Rate  (Return  to  Bias): 
Over  300  KC  •  Bit  Repetition  Rate  (Non- 
Return  to  Bias):  Over  600  KC  .  RPM:  900 
to  6,000  •  Number  of  Tracks:  250  •  Bit  Ca¬ 
pacity:  460,  800  •  Bits-Per-Track:  3072  • 
Design  Life  (at  6,000  RPM):  Over  3  years 
•  Guaranteed  Runout:  Less  than  .0001" 
TIR*  Military  Specifications:  Compatible 
with  MIL-E-4158A  and  MIL-E-16400B. 

For  more  information  about  the  Model 
7508  and  other  Bryant  Standard  Mag¬ 
netic  Storage  Devices,  from  7500  to 
75,000,000  Bits,  write  to  Bryant  Com¬ 
puter  Products  Division,  P.O.  Box^ 

620,  Springfield,  Vermont. 
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On  The  Market 


D-C  Power  Supplies 
solid  state 

Deltron  Inc.,  2905  N.  Leithgow 
St.,  Philadelphia  33,  Pa.  The  PI 
series  are  miniaturized  all  solid 
state  power  supplies  ideal  for 
built-in  applications  requiring  re¬ 
liable  sources  of  regulated  power 
in  a  small  convenient  package. 


Models  PI82,  PI241  and  PI50.5 
cover  every  voltage  in  the  range  of 
from  1  to  50  v,  adjustable  over  a 
1  V  band.  Current  ranges  up  to  2 
amperes  are  available  from  these 
units.  Other  PI  models  cover  volt¬ 
age  ranges  up  to  100  v,  some  with 
limited  adjustment,  others  with 
wide  range  adjustment. 

CIRCLE  301  ON  READER  SERVICE  CARD 


Magnetic  Shield 
for  resolution 

Magnetic-Shield,  division  Perfec¬ 
tion  Mica  Co.,  1322  N.  Elston  Ave., 
Chicago  22,  Ill.  NeticCo-Netic  mag¬ 
netic  shield  assures  maximum  reso¬ 
lution  for  Hughes  H-1010AP20 
Tonotron  storage  tubes  and  beam 


display  tubes.  Shield  is  nonshock 
sensitive,  nonretentive  and  does  not 
require  periodic  annealing.  Tubes 
may  be  potted  and  located  to  other 
black-box  gear  for  miniaturization. 
Potting  allows  tube  operation  at 
altitude  to  70,000  ft.  Prices  range 
from  $85.00  to  $120.00  per  unit. 
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Slip  Ring  Assemblies 
expanded  line 

Breeze  Corporations,  Inc.,  700 
Liberty  Ave.,  Union,  N.  J.,  has  ex¬ 
panded  its  line  of  standard  slip  ring 
assemblies  which  now  includes  seven 
sizes  of  flat  ring  assemblies  with 
ring  enevlope  diameters  ranging 
from  1  in.  through  lOi  in.  Assem¬ 
blies  are  of  fabricated  construction 
to  provide  the  maximum  resistance 


to  shock,  vibration  and  environ¬ 
mental  conditions  and  to  permit  the 
addition  of  rings  when  required. 
Rings  are  hard  silver  and  brushes 
are  silver  graphite.  The  flat,  stacked 
assembly  with  rings  mounted  above 
and  below  each  barrier  provides  the 
maximum  number  of  ringe  in  the 
shortest  axial  length  for  rated  ca¬ 
pacities.  Assemblies  can  be  stacked 
to  produce  a  multiple  unit. 
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Coil  Winder 
controlled  unit 

Geo.  Stevens  Mfg.  Co.,  Inc.,  Pu¬ 
laski  Rd.  at  Peterson,  Chicago  46, 
Ill.  New  medium-range  winder  for 
multiple-winding  heavy-duty  trans¬ 
former,  bobbin  and  field  coils» 
Model  650-AM  has  selective  stop¬ 
ping  for  transformer  winding. 


emergency  stop  for  use  if  wire  sup¬ 
ply  is  exhausted  or  if  wire  breaks, 
instant  spiral/rapid  traverse, 
heavy-duty  positive  locking  tail- 
stock,  positive  stopping  magnetic 
brake,  instant  reset  countei*.  Drive 
is  3  h-p  220/440  3-phase  motor. 
Fixed  winding  speed  is  150  rpm 
with  acceleration  clutch  controlled. 
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Acceleration  Switch 
multilevel  device 

Instruments  Division,  The  W.  L. 
Maxson  Corp.,  475  Tenth  Ave.,  New 
York,  N.  Y.  Model  200  unidirec¬ 
tional,  single-axis  switch  is  capable 
of  successively  closing  four  inde¬ 


pendent  electric  circuits  with  a 
common  point,  in  response  to  preset 
acceleration  levels.  Small  size  and 
weight  make  it  particularly  suitable 
for  use  in  aircraft  and  missile  con¬ 
trol,  measuring  and  indicating  de¬ 
vices.  Unit  consists  of  a  gas  damped 
seismic  system  with  a  range  of  1 
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Get  much  more  information  in  the 


new  electronics  BUYERS’  GUIDE 


When  designs  call  for  products  in  the  field  of  elec¬ 
tronics,  the  Guide  solves  problems  in  advance. 

There’s  a  64-page  reference  section  with  up-to-the- 
minute  data  on  markets,  materials,  components  and 
applications  to  make  product  selection  easier. 

You’ll  find  detailed  facts  about  the  products  of  nearly 
700  advertisers  —  that’s  42%  more  than  you’ll  find  in 

A  McGraw-HMI  Publication  *  330 
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any  other  similar  guide. 

Also  local  sales  offices  of  manufacturers . . .  the  names, 
addresses,  and  phone  numbers  of  representatives  .  .  . 
complete  lists  of  manufacturers  .  .  .  registered  trade 
names  . . .  and,  of  course,  the  most  complete  list  of  elec¬ 
tronic  and  related  products.  Tells  you  what  you  need  to 
know  when  you  are  ready  to  buy. 

West  42nd  Street,  New  York  36.  New  York 
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CLEVITE 


CLEvrrE 


to  10  g,  an  accuracy  of  ±0.1  g, 
repeatability  of  within  0.1  g,  a 
damping  ratio  of  0.8  of  critical  and 
temperature  range  of  —60  to  +250 
F.  Switch  is  normally  open  single 
pole,  four  steps,  with  contact  rat¬ 
ings  of  100  ma  each. 
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TRANSFILTERS' AID  SELECTIVITY 
IN  HEATHKir  "MOHICAN " 


Heathkit's  new  “Mohican”  portable 
communications  receiver  uses  Clevite 
“Transfilters”  to  improve  i.f.  selectivity. 
The  radio  covers  550KC  to  30  ok— 
quite  a  range  for  an  all-transistor  unit. 

Two  “Transfilter”  interstage  couplers 
(TO-OIA)  pass  455KC  and  couple  the 
1st  and  2nd  and  2nd  and  3rd  i.f.  stages. 
Two  emitter  bypass  “Transfilters” 
(TF-OIA)  are  used  instead  of  conven¬ 
tional  capacitors.  The  TO-TF  combi¬ 
nations  help  give  the  “Mohican” 
excellent  selectivity  among  remote  sta¬ 
tions  broadcasting  over  the  wide  band 
covered. 


Multicoders 

silicon  solid  state 

General  Devices,  Inc.,  Princeton, 
N.  J.  The  SL  series  multicoders  for 
airborne,  missile  and  space  vehicle 
applications  can  sample  up  to  88 
low  level  differential  data  inputs. 
It  is  available  in  single  speed,  or 
multiple  speed  models  capable  of 
providing  all  standard  IRIG  -sig¬ 
nals  pam,  pdm  and  record  in  30  to 
90  channel  formats  at  speeds  112J 
to  900  samples  per  sec  selectable 
by  inserting  the  appropriately 
wired  mating  connectors.  Separate 
outputs  are  provided  for  standard 
pam  signal  with  master  pulse, 
standard  pdm,  and  differentiated 
pdm  (record)  output.  Accuracy  of 
•J  percent  is  claimed  for  signals  of 
10  mv  amplitude  full  .scale. 
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HeathkiF'  "Mohican' 


Clevite  “Transfilters”  have  pared  up 
to  50  cents  in  parts  cost  from  transistor 
receivers.  They  are  small,  rugged  units 
with  real  performance  advantages  over 
conventional  LC  components.  Clevite's 
factory  or  field  sales  engineers  can  fill 
you  in  on  specifications  and  circuit 
application  data.  The  TF-OIA  and  TO- 
OIA  are  standard  items,  and  sell  for  30 
and  35  cents  in  10,000  lots.  Samples  are 
one  dollar.  You  can  buy  a  “Mohican” 
Kit  from  Heath  Co.  for  $99.95  or  from 
its  distributors  at  a  slightly  higher  price. 


Mohican"  Printed  Circuit  Chassis 


Transducer  Element  is  Critical  in  Ultrasonics 

In  ultrasonics  or  sonar  nothing  helps  while  your  transducer  desigi 
like  starting  with  the  right  transducer  paper.  Then  ask  Clevite  to  sup 
element.  Should  it  be  crystal  or  ceramic?  some  experimental  transducer  t 
Do  you  require  a  high  ac  drive  element  ^nd  engineering  data.  Our  ei 
(like  “PZT-4”)  or  a  highly  sensitive  answers,  b 

pickup  device  (such  as  ADP)?  Do  you 

want  a  disc  or  tube?  Will  special  elec-  '  for  the  biblt 

trodes  simplify  your  device?  ultrason»  industry-  PKZotror 

meal  Data  and  our  new  I 

Start  asking  yourself  these  questions  “Modem  Ceramic  Shapes”. 


Delay  Line 
ultraminiature 

Control  Electronics  Co.,  Inc.,  10 
Stepar  Place,  Huntington  Station, 
L.  I.,  N.  Y.,  announces  a  new  mag- 
netostrictive  delay  line  that  enables 
range  markers  to  be  generated  in 
the  video  section  of  the  radar  for 
calibration  purposes.  Model  FM- 
1080  provides  the  first  video  pulse 
output  at  precisely  3.050  fisec  fol¬ 
lowed  by  6.10  fisec  echoes.  First 
marker  output  level  is  25  mv.  It 


VISIT  BOOTH  2622,  IRE,  MARCH  21-24,  N.Y.C. 

^1  •.  n  j  ^  r  I  j  \  Magnetic  Heads  »  Ceramic  Filters  •  “Transfilters** 

Clevite  Products  Include  •{ 

(  Piezoelectric  Tranducer  Elements  •  Accelerometers 


CLEVITE  ELECTRONIC  COMPONENTS 

aivlelew  of 

3405  Parkins  Avanua  •  Clavaland  14,  Ohio  (5lVi*VliP'f5k 


East  Oranga,  N.  U.  •  Chicago,  III.  •  Inglawood,  Calif. 
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has  a  1  db  pulse  decay  and  input/ 
output  impedance  of  IK  ohm. 
Weighing  only  i  oz,  it  has  a  diam¬ 
eter  of  0.25  in.  and  is  only  1.2  in. 
long. 
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5400  Pigtails  Assembled  and  Welded  per  Hour! 

PROBLEM:  join  copper  pigtails  to  brass  resistor  caps  at  highest  possible 
rate,  lowest  possible  cost,  and  with  maximum  production  efficiency.  The 
method  previously  used  was  mechanical  staking  which  resulted  in  inferior 
joining. 

SOLUTION:  a  Raytheon  Welding  Analyst  recommended  -  and  Raytheon 
designed  and  built  -  a  fully  automated  precision  welding  system. 


RESULT:  pigtails  welded  at  the  rate  of  5400  per 
excellent  electrical,  electromechanical  and  en¬ 
vironmental  characteristics. 

HOW  YOU  CAN  BENEFIT: 

If  you  have  a  small  metal  parts  joining  problem, 
see  your  Raytheon  Welding  Analyst.  He  will  be 
happy  to  help  you-without  cost  or  obligation.  Mail 
the  coupon  below  for  full  details. 


hour,  with  consistently 


£xc«//«nc*  In  El9etronlc$ 


Plotting  System 
displays,  records 


Waldorf  Electronics,  360  Wolf 
Hill  Road,  Huntington  Station,  New 
York.  New  plotting  system  displays 
and  permanently  records  target 
movement  information  derived 
from  an  AN/MPQ-29  radar  set. 
System  is  comprised  of  two  vertical 
plotting  boards,  a  computer  console, 
and  a  coordinate  converter.  Radar 
shaft  inputs  of  slant  range,  eleva¬ 
tion  angle  and  azimuth  angle  are 
converted  into  ground  range  co¬ 
ordinates  in  X  and  Y  and  fed  into 
the  computer  console.  The  computer 
channels  the  ground  range  signals 
to  the  plotting  boards.  Each  board 
displays  the  ground  track  of  the 
target  on  a  30  by  30  in.  plotting 
surface. 
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FREE  ANALYSIS 


OF  YOUR  SMALL  METAL  PARTS 
WELDING  PROBLEMS 


TO:  RAYTHEON  COMPANY 

COMMERCIAL  APPARATUS  AND  SYSTEMS  DIVISION 
MANCHESTER,  NEW  HAMPSHIRE 

□  Please  send  me  literature  on  Raytheon  Welding 
Systems. 

□  Please  have  a  Raytheon  Welding  ArMlyst  contact  me. 


MAIL  THIS 
COUPON 
FOR  FREE 
ANALYSIS 

—  without 
cost  or 
obligation. 


My  problem  is:  (describe  metals,  thicknesses,  type  of 
part,  etc.) 


Pulse  Generator 
simple  circuitry 

Electro-Pulse,  Inc.,  11861  Teale 
St.,  Culver  City,  Calif.  Model  4120B 
pulse  generator  is  a  compact  source 
of  medium  power,  fast  rise  time, 
single  or  recurrent  pulses.  Instru- 
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quired.  Terminal  height  above 
chassis  is  0.406  in.  Terminal  solder¬ 
ing  lug  is  0.062  in.  in  diameter  with 
holding  collars  measuring  0.125  in. 
diameter.  Turret  heights  for  wire 
terminations  are  0.093  in. 
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ment  features  variable  control  of 
repetition  rate  (500  Kc  to  0.5  cps), 
rise  time  (0.03  to  0.5  /xsec),  main 
pulse  delay  (0.05  to  10,000  /tsec) 
and  main  pulse  width  (0.1  to  10,- 
000  nsec).  Output  amplitude  is  at 
least  ±35  v  into  100  ohm  load  (50 
V  positive — 90  v  negative  open  cir¬ 
cuit),  stabilized  agaimst  line  volt¬ 
age  change  by  use  of  regulated 
power  in  output  stage.  Overshoot 
and  top  slope  optimizing  adjust¬ 
ments  also  provided. 
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SSB  Converter 
self-contained 

The  Hammarlund  Mfg.  Co.,  iNa, 
460  W.  34th  St.,  New  York  1,  N.  Y. 
SPC-10  converter,  when  used  with 
any  standard  communications  re¬ 
ceiver,  provides  complete  ssb  recep¬ 
tion.  or  AM/MCW.  It  connects  elec¬ 
trically  into  any  communications 
receiver  having  an  i-f  frequency 
between  450  Kc  and  500  Kc.  The 
connection  is  made  from  the  con¬ 
verter  to  the  i-f  amplifier  of  the 
receiver.  SPC-10  provides  all  types 
of  modern  tuning  modes.  All  fre¬ 
quency  controls  are  calibrated  in 
Kc  from  the  center  of  the  passband. 
Seven  selectivity  positions  permit 
slicing  of  exact  portion  of  the  pass- 
band  desired  from  0.5  to  6  Kc. 
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Teflon  Terminal 
high-torque 

Sealectro  Corp.,  610  Fayette  Ave., 
Mamaroneck,  N.  Y.  Type  ST-250L4 
high-torque  Press-Fit  terminal  is 
of  the  dual-turret  design  permit¬ 
ting  two  termination  positions  with 
holding  collars.  It  is  especially  ap¬ 
plicable  in  installations  requiring 
beyond-the-usual  ruggedness  in 
both  assembly  procedure  and  under 
operational  conditions.  It  is  de¬ 
signed  for  a  maximum  chassis 
thickness  of  0.110  in.  A  mounting 
hole  of  0.158  in.  ±0.002  in.  is  re- 


Latching  Relay 
long  life 

Babcock  Relays,  Inc.,  1640  Mon¬ 
rovia  Ave.,  Costa  Mesa,  Calif.  Per¬ 
formance  characteristics  of  the  BR- 
7A  electrical  latching  relay  include 
shock  to  50  g,  11  millisec.  Life  is 
said  to  be  capable  of  over  200,000 
operations  at  the  extremes  of  con¬ 
tact  load  ( 10  amperes)  and  tem¬ 
perature  (125  C)  with  over  350,000 
operations  under  full  load  at  room 
temperature. 
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When  you  need  something  special  in  the  way  of  small, 
extremely  efficient  (and  possibly  peculiarly-shaped) 
power  supplies,  Spectrol  is  your  source. 
Spectrol’s  Transidyne  units  offer  more  options,  more 
exclusive  features.  Spectrol  engineers  will  design 
to  your  specs,  including  size  and  shape.  You  can  get  these 
rugged  converters  or  inverters  with  multiple 
outputs,  high  power  ouputs,  including  sine  wave 
. ..and  up  to  4  watts/ cu.  in.  output! 
You  will  find  Spectrol  uniquely  qualified  to  meet 
your  special  needs  for  power  sources. 
Transidyne  units  reflect  the  same  know-how  which 
has  made  Spectrol  the  leading  supplier 
of  precision  potentiometers  and  mechanisms. 
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1  oz  which  exhibits  the  following 
characteristics :  maximum  piv  600  v, 
supply  voltage  with  resistive  or 
inductive  load  420  v,  capacitive 
load  210  V.  Rectified  forward  cur¬ 
rent  for  a  resistive  load  1.5  amperes 
maximum,  and  for  a  capacitive  load 
1  ampere  maximum. 
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Round  Drawn  Cases 
to  house  components 

Olympic  Products  Co.,  Inc.,  Alpha, 
N.  J.,  has  introduced  more  than  200 
new  standard  sizes  of  round  drawn 
cases  made  from  aluminum,  copper, 
steel,  brass,  and  mu  metal.  Espe¬ 
cially  designed  to  house  electronic 
components,  they  range  in  size 
from  i  in.  to  3  in.  in  diameter  and 
lengths  up  to  4  in. 
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Full  Wave  Bridge 
silicon  rectifier 

Gates  Electronic  Co.,  1705  Tay¬ 
lor  Ave.,  Bronx,  N.  Y.  Model  G6S6 
is  a  li  in.  by  13  in.  by  i  in.  silicon 
rectifier  full  wave  bridge  weighing 


Electronic  Filter 
linear  phase  shift; 

Dynamics  Instrumentation  Co., 
1118  S.  Mission  St.,  South  Pasadena, 
Calif.  Linear  phase  shift  (constant 
time  delay),  36  db  per  octave  ter¬ 
minal  slope,  and  cut-off  frequency 
selectable  in  tenth-decade  steps  from 
10  cps  to  80  Kc  are  features  in  the 


model  1660  electronic  filter.  Unit  is 
ideally  suited  for  filtering  random 
signals  with  the  least  information 
distortion  in  the  allowed  bandwidth. 
Instrument  has  100  K  input  im¬ 
pedance,  1  ohm  output  impedance, 
and  the  filter  characteristics  do  not 
change  with  loading  (either  high- 
pa.ss  or  low-pass  operation).  Each 
filter  has  an  individual  fully-isolated 
power  supply,  voltage  steps  from 
0.1  to  1.0,  and  0.1  percent  linearity. 
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Ku'band  Diodes 
low  noise  figure 

Sylvania  Electric  Products  Co., 
Inc.,  Woburn,  Mass.  Matched-pair 
Ku-band  silicon  microwave  diodes, 
types  1N78D  and  1N78DR,  make 
possible  low  over-all  noise  figure  in 
mixer  applications  such  as  radar 
and  missile  systems.  Available  in 
both  forward  and  reverse  polarities, 
when  used  in  matched  pairs  local- 
oscillator  noise  is  practically  elimi¬ 
nated  and  a  receiver  system  with 


Let  us  quote  on  your  special  power 
source  requirements.  Call  your  nearest 
Spectrol  representative,  or  write  us 
direct.  Please  address  Dept.  18-3. 


WHAT  IS  F 


SPECTROL 


F.  LECTRONICS 
CORPORATION 

1704  SOUTH  DEL  MAR  AVENUE 
SAN  GABRIEL,  CALIFORNIA 
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Transidyne  units  are  solid  state  devices 
which  convert  ac  or  dc  input  voltages 
to  ac  and/ or  dc  outputs  of  different  voltage 
levels  or  frequencies.  Typically,  a 
dc  input  voltage  can  be  converted  to 
ac  sine  wave  output  voltage  having 
a  frequency  of  2,000  cps. 


Small  and  lightweight,  Transidyne 
equipment  completely  replaces  motor- 
generator  and  vibrator  type  devices . . . 
having  greater  efficiency.  They  are  used  in  all 
types  of  military  and  commercial 
electronic  and  electrical  devices  requiring 
nigged,  reliable  power  supplies. 


TYPICAL  PACKAGE  CONFIGURATIONS 


varistors. 


JACKPOT 


for  circuits  needing 
compensation 


This  is  the  day  to  hit  the  jackpot  —  piled  high  with  prac¬ 
tical  solutions  to  problems  arising  from  the  use  of  complex 
circuits  to  compensate  for  temperature  and  voltage.  FXC 
Thermistors  and  Varistors  not  only  outmode  the  use  of 
complex  circuits,  but  make  possible  a  more  precise  control 
of  both  temperature  and  voltage. 

FXC  Thermistors  —  available  in  a  full  complement  of  val¬ 
ues  in  miniature,  bead,  rod,  vacuum  and  disc  types  —  pro¬ 
vide  ideal  resistors,  having  a  negative  temperature  coeffi¬ 
cient  of  resistance  for  almost  any  application. 

FXC  Varistors,  including  rod  and  disc  types,  have  a  negative 
voltage  coefficient  of  resistance  that  decreases  as  applied 
voltage  increases. 

Both  can  be  used  not  only  as  the  basis  for  controllers  of 
temperature  and  voltage,  but  for  compensation  in  any  elec¬ 
tronic  circuit  requiring  precise  control.  Complete  technical 
and  sample  kit  information  supplied  on  request. 

Say  ferroxcube 
when  you  need 
thermistors  and 


CORPORATION  OF  AMERICA 

so  East  Bridge  Street,  Saugerties,  New  York 
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7.5-db  over-all  noise  figure  is  real¬ 
ized  at  16,000  Me.  The  devices  have 
a  maximum  operating  temperature 
of  150  C  and  a  complete  hermetic 
.seal  for  protection  under  severe  en¬ 
vironmental  conditions. 
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Ribbon  Coax  Cable 
saves  space 

Times  Wire  and  Cable  Co.,  Inc., 
Wallingford,  Conn.  Ribbon  multi¬ 
coaxial  cables  save  space  in  duct  and 
trough  installations  over  the  usual 
round,  multiconductor  cables.  It  is 
ideal  for  use  in  modular  and  p-c 
applications.  Faster  access  to  in¬ 
dividual  cables  permits  easier, 
neater  terminal  connections.  The 
ribbon  design  also  lends  itself  to 
roll-out  chassis  construction  in 
which  the  cable  connections  are 
made  through  “window-shade  type” 
roller  techniques.  Present  facilities 
accommodate  up  to  25  conductors 
in  a  single  cable. 
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Frequency  Multiplier 
multiband 

Barker  &  Williamson,  Inc., 
Bristol,  Pa.,  makes  a  compact  fre¬ 
quency  multiplier  with  bandswitch¬ 
ing  for  the  80-40-20-15  and  10 
meter  bands.  Unit  operates  on  a  6 
to  10  V  r-f  supply  within  the  fre- 
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Uim  Leeds  wanted  to  check  for  electrical 
Interruptions  in  equipment.  A  twenty-four 
hour  vigilance  on  each  unit  was  impractical 
—  required  increased  manpower  and  eX' 
penditures.  Upon  extensive  investigation, 
Jim  found  most  automatic  checking  equip¬ 
ment  cumbersome  and  expensive.  What  was 
the  answer? 


Jim  found  it  in  the  amazing  new 
palm  sized  Rustrak®  MAC,*the  Minia¬ 
ture  Automatic  Chart  Recorder.  With 
an  accuracy  of  2%,  it  compared 
favorably  with  units  costing  5  times 
its  price.  It  recorded  all  interruptions 
with  a  continuous,  distortion  free  line 
on  a  smudge- proof  chart  giving  him 
an  accurate,  continuous  record  of 
any  intermittence. 


you're  always  sura  to  bo  on  tha  right  track 
whan  tha  job  is  done  by 


DIMENSIONS: 

SH"  **  X  SH*  h 

X  4Vb'  d 


rusrraK  mac 

miniaturized  —  automatic 

CHART  RECORDER 


The  new  Rustrak®  MAC,*  Miniature  Auto¬ 
matic  Chart  Recorder  is  solving  hundreds  of 
recording  problems  accurately  and  inexpen* 
sively. 


Send  today  for  complete  specification  sheet  and  prices. 


industrial  co.,  me. 

130  SILVER  STREET 
MANCHESTER,  N.  H. 


*Miniaturized  Automatic  Chart  Recorder 
ONLY  $79.50 
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5  Milliamperes 


ELECTROSTATICSPRAYING  or  FLOCKING 
CABLE  and  DIALECTRIC  TESTING 
PARTICLE  SEPARATION  or  DEPOSITION 
ELECTRON  MICROSCOPY 
CRT  DEVELOPMENT  and  OPERATION 


4£DALloT^  null  indicators 

READABLE  .  .  .  WIDE  RANGE  SENSITIVITY 

Modern  MEDALIST  design  provides  far  greater 
readability  and  modern  styling  in  minimum  space. 
Unique  core  ond  magnet  structure  provides  '/a  ua/mm 
sensitivity  ot  null  point  with  sharp  square  law  at- 
teiHiation  to  1 00  ua  at  end  of  scale  in  Type  A.  Inter¬ 
nal  resistance  is  2000  ohms.  Other  sensitivities 
available.  ASA/MIL  2ya*  mounting.  Standard  and 
special  colors.  Bulletin  on  request.  Marion  Instrument 
Division,  Minneapolis- Honeywell  Regulator  Co., 
Manchester,  N.H.,  U.S.A.  In  Canoda,  Honayvrall  Con¬ 
trols  Limitad,  Toronto  17,  Ontario. 


Compact,  oil  Insulated  power 
supply  designed  for  safe  conven¬ 
ient  operation  by  engineer  or  tech¬ 
nician.  Reliable  enough  lor  ind¬ 
ustry.  versatile  enough  for  the 
laboratory. 

Fully  instrumented  power  supply, 
designed  (or  maximum  personnel 
and  equipment  protection. 


Selenium  rectification  insures  long 
reliable  operation. 


Specialists  in  High  Voltage 
1  KV  to  250  KV 
-Send  us  your  specifications 

Model  KV60-5. . . . 

kiLOVOLT  CORPORATION 


High  voltage  components  are  oil- 
immersed  for  minimum  coronagen- 
eration  and  compact  construction. 


Honeywell 

.euTVRJllI 


2  MANOR  House  SOUARC 
YONKERS, N.V. 
VO>«<>« 
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quency  range  of  3,350  to  4,000  Kc  to 
produce  desired  fundamental  on 
80-40-20-15-10  meter  amateur 
bands.  Input  to  the  first  multiplier 


Linear  Motion  Pot 
V2  by  IVs  in.  overall 

Computer  Instruments  Corp.,  92 
Madison  Ave.,  Hempstead,  L.  I., 
N.  Y.,  announces  a  new  addition  to 


stage  may  be  from  an  external 
crystal  controlled  oscillator  or  suit¬ 
able  vfo.  Model  504  C  may  be  used 
as  a  driver  for  high  powered  class 
C  or  linear  amplifiers  and  as  a  low 
power  transmitter  on  either  phone 
or  c-w  when  equipped  with  suitable 
power  supplies,  modulator  and  ex¬ 
citation. 
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Wire  Stripper 
thermal  type 


Western  Electronic  Products 
Co.,  655  Colman  St.,  Altadena,  Calif. 
Model  G  thermal  wire  stripper  fea¬ 
tures  a  continuously  variable  heat 
control  for  precise  temperature  ad¬ 
justment  required  in  stripping  vir¬ 
tually  any  size  or  type  of  plastic- 
insulated  wire.  Designed  for  pro¬ 
duction-line  operation,  it  can  be 
used  either  as  a  bench-operated  tool 
or  held  in  the  hand  for  use  in  inac¬ 
cessible  locations.  Stripper  uses 
two  parallel  heating  elements  to 
quickly  sever  plastic  insulation  and 
provides  a  pincers  action  to  remove 
it  with  a  slight  pull.  Since  no  sharp 
cutting  edges  are  used,  there  is  com¬ 
plete  freedom  from  cut  or  nickel 
wires.  Price  is  $69.50. 
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APPCO  PRECISION  STOCK  GEARS 

32  TO  120  PITCH...A.0.M.A.  PRICISION  #1,2  A  3 
SEAIID  IN  PLASTIC... DIRT  AND  SCRATCH-TREE 


Made  to  exacting  specifications.  Held  to  tolerances  which  are 
Certified  to  precision-fit  standard  instrument  bearings,  shafting, 
etc.  Then  sealed  in  plastic  free  of  dust,  dirt  or  corrosion  on  a 
shipping  tray  which  identifies  each  individual  gear.  The  unsur¬ 
passed  accuracy  of  APPCO  Precision  Gears  arrive  at  your  plant 
‘‘factory-fresh”  ready  to  use  on  the  most  critical  assemblies. 

APPCO  Certified  Precision  Stock  Gears  are  available  in  32,  48, 
64,  72,  96,  and  120  diametral  pitches  of  1472°  and  20°  pres¬ 
sure  angles.  Spur  gears,  pin  or  clamp  hub  type  . . .  flat  or  hubless 
. .  .  anti-backlash.  Each  is  Certified  to  meet  or  surpass  A.G.M.A. 
specifications.  For  complete  technical  data  and  catalog  write  to . . . 


ATLAS  PRECISION  PRODUCTS 
COMPANY 

Div.  Prudantial  Industriet.  Inc. 

Castor  &  Kensington  Avenues 
Philadelphia,  Pa. 
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Millions  of  tiny  parts  are  made 
from  shaped,  special  alloy  wire 


its  line  of  linear  motion  pots. 
Length  of  the  unit  is  1  in.  greater 
than  the  stroke  desired.  Strokes  are 
available  from  i  in.  to  3  in.  Model 
112  contains  two  completely  inde¬ 
pendent  elements,  either  or  both  of 
which  may  be  linear  or  conform  to  a 
desired  function.  Where  taps  are 
desired,  as  many  as  4  per  in.  per 
element  may  be  supplied.  Linearity 
is  0.2  jjercent  of  length  of  stroke; 
resistance  range,  250  ohms  to  125 
K  ohms  per  in.  of  stroke;  virtual 
resolution,  1/35,000  per  in.  of 
stroke;  wattage,  1  w  per  in.  of 
stroke;  temperature  range,  —  55  C 
to  +150  C.  Life  rating  is  up  to  30 
million  strokes  depending  on  cir¬ 
cuitry. 
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.  .  .  supplied  by  LFA  in  precision  sizes, 
round > square -flat- rectangular  shapes 


Tons  of  beryllium  copper,  bronze  and  other  special  non>ferous 
alloy  wire  today  provide  millions  of  tiny  formed  parts  for  industry. 

Modern  production  applications  (printed  circuit,  spring,  connectors, 
terminals,  tabs)  require  all  types,  shapes  and  finishes  (solder 
dipped  and  plated,  etc.)  of  special  alloy  wire  for  production  of 
miniature  and  sub-miniature  formed  parts. 

These  new  production  techniques  reduce  costs,  more  importantly, 
are  a  guarantee  of  better  quality  control,  positive  size  holding 
and  elimination  of  finish  problems. 


Generating  Set 
no-break 


R.  H.  Sheppard  Co.,  Inc.,  Hanover, 
Pa.  When  city  power  frequency 
drops  to  97  per  cent  of  normal 
value,  or  voltage  to  98  percent,  a 
new  no-break  generating  set  auto¬ 
matically  takes  over  with  no  break 
in  power.  It  will  find  many  applica¬ 
tions  in  the  electronic  and  communi¬ 
cation  fields  where  even  momentary 
power  interruptions  can  damage 
costly  equipment  or  interrupt  vital 
.services.  The  no-break  generating 
set  consists  of  the  Sheppard  Diesel 
engine,  a  generator  and  a  flywheel, 
mounted  on  a  common  I  beam  base 
with  generator  located  between  en¬ 
gine  and  flywheel. 
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BERYLLIUM  COPPER 

_ SilvfcoH  (g _ 


phosphor  bronie 


LITTLE  FALLS  ALLOYS.  INC. 

194  CALDWELL  AVENUE.  PATERSON  1,  NEW  JERSEY 
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High  Power  Sources 
ultra-stable 

Laboratory  for  Electronics,  Inc., 
1079  Commonwealth  Ave.,  Boston 
15,  Mass.,  has  added  three  high 
power  sources  to  its  line  of  ultra¬ 
stable  microwave  oscillators.  Model 
814-S-31  covers  a  frequency  range 
of  3,700  to  4,300  Me  and  delivers 


Words  and  pictures  tell  you  about  the  top  new 
product  ideas  each  week  in  “On  the  Market". 
Who  makes  ’em  and  what  they’ll  do  for  you. 
Easy  way  to  keep  in  touch  with  the  latest 
and  best. 

Another  reason  why  it  will  pay  you  to  sub¬ 
scribe  to  eleetroniee  ( or  renew  your  subscrip¬ 
tion)  right  now.  Fill  in  the  box  on  Reader 
Service  Card.  Easy  to  use.  Postagpe  free. 


FIND  WHAT 
YOU  NEED  IN... 
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The  most  flexible  and  moderately 
priced  transistorized  carrier 
amplifier  system  on  the  market 

For  high  frequency  studies  of 
•  PRESSURE  •  FORCE  •  MOTION  •  STRAIN 


1  w.  The  814-C-31  and  814-C-32  are 
tunable  over  a  range  of  5,900  to 
6,400  Me  and  5,400  to  5,900  Me 
respeetively  and  deliver  an  output 
power  of  1  and  1.5  w.  All  three  units 
have  an  ineidental  f-m  of  less  than 
5  parts  in  10"  and  long  term  stabili¬ 
ties  of  better  than  1  part  in  10"  over 
a  one-hr  period 
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Recording  System 
impact  &  temperature 

Santa  Barbara  Instrumentation 
CoRP.,  411  State  St.,  Santa  Barbara, 
Calif.,  announees  model  ES-101  en¬ 
vironmental  reeording  system,  de¬ 
signed  to  measure  and  monitor  the 
impacts  and  temperature  variations 
encountered  by  delicate  equipment 
being  transported  or  stored.  A 
model  ER-125  event  recorder  pro¬ 
vides  25  inkless  channels  of  discrete 
recording  and  may  be  used  unat¬ 
tended  for  30  days.  A  recording 
rate  of  up  to  20  events  per  sec  is 
possible.  Data  reduction  is  simpli¬ 
fied  by  the  recording  presentation 
and  provision  for  electromechanical 
counters  for  quick-access  data  in¬ 
formation. 
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Digital  Printer 
all  solid-state 

Epsco,  Inc.,  Equipment  Division, 
275  Massachusetts  Ave.,  Cambridge, 
Mass.  Model  DP-834  digital  printer 
complies  with  MIL-E-4158B  and  is 
completely  automatic  in  operation. 
Featuring  a  capacity  of  11  columns, 
it  prints  at  speeds  to  5  lines  per  sec. 
It  accepts  decimal  data  for  6  col¬ 
umns  from  measuring  instruments. 


J.  S.  Kempf  Company 
Inglewood,  Calif. 
Ridge  Instrument  Co. 
Oak  Ridge,  Tenn. 


INSTRUMENTSJNC. 

1 4 1 6  Lebarton  Road  Nashville,  Tenn, 
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prints  function  and  polarity  as  well 
as  decimal  point  location,  and  pro¬ 
vides  3  columns  of  test  number 
identification.  Individual  tests  can 
be  selected  by  switching  to  aid  in 
system  calibration  or  trouble-shoot¬ 
ing.  Unit  can  be  connected  to  the 
outputs  of  a-d  converters,  dvom’s, 
dvm’s,  mobile  data  acquisition  sys¬ 
tems,  automatic  checkout  and  moni¬ 
toring  systems,  and  digital  data 
logging  systems. 
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Modular  Assembly 
size  8  components 

John  Osier  Meg.  Co.,  Avionic  Di¬ 
vision,  1  Main  St.,  Racine,  Wise., 
offers  a  time-saving  prepackaged 
size  8  modular  assembly  consisting 
of  motor  generator,  gear  train,  syn¬ 
chro  and  potentiometer  for  servo 
aircraft  applications.  Type  E- 
lOSA’s  components  are  accurately 
aligned  and  calibrated  with  each 
other,  saving  valuable  time  and  as¬ 
suring  maximum  performance.  Mo¬ 
tor  generator  is  rated  for  26  v  per 
phase  or  with  36  v  center  tap  con¬ 
trol  phase;  gear  train  can  be  fur¬ 
nished  in  any  ratio  up  to  6,000:1, 
synchro  has  7  minute  accuracy  and 
potentiometer  is  available  in  any 
resistance  up  to  lOOK. 
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Transducers 

displacement  type 

Photocon  Research  Products,  421 
N.  Altadena  Drive,  Pasadena,  Calif. 
Displacement  transducers  models 
DT.500  and  DT2000  were  developed 
for  measuring  linear  displacement 
between  0.500  in.  and  +2.000  in. 
with  a  frequency  response  from  0  to 


21  High-Speed  Solid  State  Relays 

MICROSECOND 
SWITCHING  .  .  . 
SHOCK  RESISTANT 


Curtiss-Wright  Relays  have  been  proven  time  and  again 
in  high  sp)eed  sled  tests  and  component  test  equipment 
switching  applications.  Designed  for  missile,  aircraft  and 
complex  industrial  controls  and  instrumentation  and  pulse 
circuit  applications,  these  pulse-triggered  relays  switch  DC 
power  to  loads  in  microseconds.  There  are  no  moving  parts 
...  no  RF  radiation  . . .  and  “On”  resistance  is  constant. 

Models  are  available  for  high  temperature  service;  also 
custom  designs  for  st)ecial  applications. 

TRANSISTOR  TIST IQUIRMINT— Curtiss-Wright  has 
wide  experience  in  engineering  and  building  test 
equipment  to  meet  your  needs. 

INTER  MOUNTAIN  INSTRUMENTS  BRANCH  •  ELECTRONICS  DIVISION 

CURTISS  ^  WRIGHT 

eORRORATION  •  P.O.BOX  S334.  ALBUqUERQUB,  N.  M. 

SOLID  STATE  RELAYS  •  TRANSISTOR  TEST  INSTRUMENTS  AND 
SYSTEMS  •  DIGITAL  DATA  ACQUISITION  AND  PROCESSING  SYSTEMS 


WRITE  FOR 
INFORMATION' 
ON  COMPLETE 
SOLID  STATE 
RELAY  LINE 
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Designed  primarily  as  a  com¬ 
ponent  povver  supply,  units 
are  widely  used  in  computers, 
electronic  instrumentation, 
production  test  equipment, 
and  quality  control  check  out 
systems.  Best  of  all,  the 
unique  design  makes  these 
units  available  at  the  lowest 
possible  cost  to  you. 


All  solid  state  —  zener  dtode  reference 
transistor  amplifiers  and  regulator 
Output  Voltages:  from  2.0  to  300V  DC 
Output  Power  to  30  Watts 
Reliable  short  circuit  protection 
All  components  readily  accessible 


(Unit  pictured  above:  Model 
SIR  90-.1:  85-95  V.-  0-100  ma; 
Price  $145.00)  Prices  on  other 
units  range  from  $100  to  $200. 


COMSOUDATED  AVIONICS  CORPORATION 


A  SUBSIOiART  OF  CONSOltOATEO  DIESEL  ElEaRIC  CO*FOIlATtON 


800  SliamM  Drivei  •  Wwstburyf  t..  I.  •  EOgowood  4-8400 
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Frequency  Counter 
easy-to-use 

Hewlett-Packard  Co.,  275  Page 
Mill  Road.  Palo  Alto.  Calif.  Model 
.521G  automatically  measures  fre¬ 
quency  and  random  events  per  unit 
of  time  or  with  the  manual  gate  fea¬ 
ture  totalizes  electrical  events. 
With  tran.sducers,  it  also  provides 
convenient  measurements  of  such 
mechanical  quantities  as  speed, 
rpm,  rps,  weight,  pressure,  tem- 
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10,000  cps  dependent  on  the  Dyna- 
gage  measuring  system. 
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perature  and  acceleration.  Fre¬ 
quency  range  is  1  cps  to  1.2  Me. 
Unit  has  an  accuracy  of  ±1  count 
±  the  accuracy  of  power  line  fre¬ 
quency  —  usually  ±0.1  percent 
(±0.01  percent  with  optional 
crystal  time  base  installed.) 
Counter  provides  a  five-place  regis¬ 
tration.  Price  is  $650. 
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D-C  Power  Supply 
heavy-duty 

Power  Sources,  Inc.,  Burlington, 
Mass.  PS4019  is  a  heavy  duty  unit 
designed  as  a  general  purpose 
source  of  25-32  v  d-c.  It  provides 
load  current  up  to  1.5  amperes.  Out¬ 
put  voltage  is  selectable  by  a  front 
panel  control.  Input  voltage  in  the 
range  105-125  v  a-c  may  also  be 
selected  by  front  panel  switch. 
Ripple  and  noise  level  at  the  output 
is  less  than  2  mv.  Regulation  is  pro¬ 
vided  to  maintain  the  output  volt¬ 
age  within  0.2  v  for  load  changes 
from  0-1.5  amperes  with  the  line 
constant.  Output  impedance  is  less 
than  0.2  ohm  from  d-c  to  100  kc. 
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Magnetic  Amplifier 
long  life  unit 

Acromag,  Inc.,  22519  Telegraph 
Rd.,  Southfield,  Mich.  Model  615 
magnetic  instrumentation  amplifier 
is  especially  designed  to  give  power 
gains  of  up  to  20,000  in  a  single 


Professional  Opportunities  Are  Available  For 

Electrical  Engineers 

with  interest  and  experience 
in  the  following  fields: 

e  Design  and  Development  of: 

Industrial  Electronics  and  Power 
Controls  and  Instrumentation 
Electronics 

•  Operation  &  Maintenance  of 
Nuclear  Devices 


For  information  please  write  to: 
Personnel  Manager 

Brookhaven 

National 

Laboratory 

UPTON,  LONO  ISLAND,  N.  V. 


COMPLEX  IMPEDANCE  MEASUREMENTS 


=  R  ±  iX 


INSTANTANEOUSLY 

CONTINUOUSLY 

AUTOMATICALLY 


TAILE  OF  CHARACTERISTICS 
Impadanc*  Rang*  O-K),  O-XX).  O-I.OOO  and  Output  Veltaga:  D.  C. 

(R  and  X,  in  otuml  O-IO.OOO  notmal  langa.  voltaga  ptoportional  to 

O-SO.  0-500.  O-S.OOO  and  both  R  and  X  ISO  imilivoln 
O-SO.OOO  axtondod  tango  lot  tull-tcalo  dolloction 
0.1  to  150  kclwc  Input  Signal:  Sinuioidal  O.Sw 

t  3%— normal  tango  rtm.  adiustablo  hoquoncy 
*  S%— oxtondad  tango 
S  lifflOf  hill  Kolo 
7-inch  cathodo-ray  tuba 
AHatof  raadout 
X-T  Rocordor  output 
10-inehaa  par  sacottd 
(Approx.  I 


Ftaquancy  Rango: 
Accuracy: 
Suppraiiioo  ct 
Origin: 

Data  Frasontation: 
CRT  Flotting 
Spoad: 


Input  Fowor:  I0SI130V. 
SO-dO  cydo.  linglo  phM. 
2S0W 

Waighi:  74  pounds 
Oimonsions:  22-9IM*'  L 
X  17-1/8‘'  W  X  1S-7/«"  H 


ECTOR 


Impedance 

Locus 

Plotter 


No  longar  is  it  nacassary  to  parlorm  tho  timo-consuming 
and  tadious  stops  ol  makirtg  manual  adtustmants  to  aslab- 
lish  impadanca  bridgo  balanca.  tabulating  data,  confut¬ 
ing  tho  information  or  plotting  tho  linal  data.  Tha  VRP 
oliminatas  tho  nacossity  for  thaso  procaduras  tharaby 
contributing  importantly  to  tho  spoad  and  accuracy  with 
athtch  oxporimantal  studios  at  impadanca  can  prograss. 


INSTXUMENT  /OOBKMUTION 

Ikadyrlda,  Maryland 


RESEARCH  AND  DEVELOFMENT 
Sonar  •  Ultrasonics  •  Wavo  Fropagalion 
Shock  and  Vibration  •  Explosion  Studios 


INSTRUAAENT  ARANUFAaURE 
TtansAicais  •  Hydrophonas  •  Mast  Cagos 
Accalaromotars  •  Eloctroacoustic  Davicas 


ELECTRONKS  •  MARCH  4,  1960 


CIRCLE  87  ON  READER  SERVICE  CARD  87 


Measures 

Precise 

AC-DC 

Voltage  & 
Current  ^ 


Model 

1605 


tSEHO  I 
FOR 
TECH. 
DRTR 

For  a«Wi*'on"'  informa¬ 
tion,  including  opplrco- 
tion  data,  writ*  or 
phono  OE  .|>r- 

onslration*  avoiloWo 

by  lotol  roprooontativo*. 


A  Self-Contained  Laboratory  Standard  Facility 
The  Model  1605  AC-E)C  Calibration/Transfer  Standard  is  a 
multifunction  instrument  capable  of  measuring  AC  and  DC  voltage 
and  current  up  to  1500  volts  and  15  amperes.  It  includes  a  precision 
four-digit  readout  potentiometer,  laborator)'  standard  cell,  precision 
voltage  multipliers,  precision  shunts  hermetically  sealed  in  oil,  light 
beam  galvanometer,  AC  monitoring  meter,  thermal  converter  and 
all  necessary  batteries  and  controls.  DC  measurements  utilize  the 
potentiometer  or  the  potentiometer  in  conjunction  with  the  voltage 
multipliers  or  shunts.  For  AC  measurements  the  potentiometer  and/ 
or  multiplier-shunt  arrangement  is  used  with  the  compensated  AC- 
IX^  transfer  element. 

LIMIT  OF  ERROR 

DC:  0.05%  with  correction  factors; 

0.1%  direct  reading. 

AC:  0.065%  with  correction  factors; 

0.13%  direct  reading. 

(AC  accuracies  are  to  50  kc 
on  most  ranges.) 

For  Owners  of  the 
RFL  Model  829  AC-DC 
Instrument  Calibration  Standard 
The  Model  1605  may  be  used  in  con¬ 
junction  with  the  Model  829  to  calibrate 
instruments  having  greater  accuracy  re¬ 
quirements  than  that  supplied  by  the 
Model  829  alone.  The  Model  1605  may  also  1^  used  to  cali¬ 
brate  the  Model  829.  The  829/1605  combination  provides 
a  calibration  system  which  will  handle  your  requirements, 
for  current  and  voltage  measurements  to  an  accuracy’  of 
better  than  0.1%,  from  DC  to  400  cps. 

Performance  is  rigidly  guaranteed. 

'  -  ^  Price  it  net,  f.o.b.  Boonton,  N.J. 

^  and  subject  to  change  without  notice. 


stage,  and  is  well  suited  for  ampli¬ 
fying  low-level  d-c  signals  from 
thermistors,  resistance  thermom¬ 
eters,  null  detectors,  and  other  simi¬ 
lar  low-level  d-c  transducers.  For 
industrial  process  controls,  it  is 
easy  to  produce  lead-lag  networks, 
proportional  plus  reset,  signal  mix¬ 
ing,  and  similar  operational  func¬ 
tions  by  using  one  of  the  model  15’s 
with  external  resistance  capacitance 
shaping  networks. 
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Video  Generator 
beat-frequency 

General  Radio  Co.,  West  Concord, 
Mass.  Type  1300-A  can  be  used  as 
a  source  for  acoustic  and  ultrasonic 
tests,  and  testing  of  video  systems, 
amplifiers,  discriminators,  networks 
and  both  wide  and  narrow-band 
video  filters.  Ranges  are  20  cps  to 
20  Kc  (sine  or  square  wave)  for 
audio,  20  Kc  to  12  Me  (sine)  and  20 
Kc  to  2  Me  (square  wave)  for  video 
signal  and  video  sweep,  with  the 
latter  at  a  60-cps  sinusoidal  sweep 
rate.  All  signals  are  monitored  by 
an  output  voltmeter  and  are  avail¬ 
able  from  an  output  attenuator. 
Outputs  of  a  h-f  variable  oscillator 
(30  to  42  Me)  and  sweep  oscillator 
are  also  available  at  jacks  at  the 
rear  of  the  instrument. 

CIRCLE  330  ON  READER  SERVICE  CARD 


Mixer-Preamplifier 
for  X-band 

LEL,  Inc.,  380  Oak  St.,  Copiague, 
L.  I.,  N.  Y.  Operating  over  the 
10,500-12,400  Me  spectrum,  the 
MMX-3  matched  mixer-preamplifier 
assembly  is  gain  stabilized,  has  a 
20  Me  i-f  bandpass  centered  at  60 
Me,  25  db  minimum  overall  gain, 
and  a  9  db  maximum  noise  figure. 
It  provides  a  50  ohm  output  imped¬ 
ance  making  it  suitable  for  gain 
and  noise  figure  measurements  on 
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THE 


ELECTRONICS 


MAN... 


^  In  most  industriee  the  manage- 
P  mMit  man  went  to  business  school 
S  and  doesn’t  concern  himsell  with 

p  design  problems. 

In  most  industriee  the  design  en-  ; 
gineer  doesn’t  concern  himself  with^ 

^  management  problems.  ^ 

Rp  'The  dectronics  man  is  different. 

1^^  He  is  many  things.  He  is  in  Re¬ 
search- Design-Production-Manage- 
p  ment  His  interests  are  in  any  or  all 
I V  of  the  f(mr  areas, 

f  No  matter  where  you  find  the  elec- 
c  ironies  man  his  engineering  back¬ 

ground  enables  him  to  influence  the 
purchase  of  dectronic  coraponoits 
7  and  equipment.  Your  advertising 

^  must  reach  him  if  you  are  to  sdl 

dectronic  goods. 

This  is  the  drength  of  electronics, 
the  one  magazine  published  weekly 
and  edited  to  reach  this  engineering 
oriented  electronics  man,  wherever 
he  is. 


Electronics  Handbook, 
June  Mid-Month,  1959 
Key  No.  R-1 


A  SPECIAL 


THE  ELECTRONICS  MAN 
“BUYS”  WHAT  HE  READS  IN  . . . 


masers  and  parametric  up-con- 
verters  in  addition  to  its  use  as 
standard  subassembly  for  incor¬ 
poration  into  a  radar  or  missile  re¬ 
ceiving  system. 
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Laboratory  Recorder 
general  purpose 

The  Sippican  Corp.,  Box  537, 
Marion,  Mass.,  announces  a  general 
purpose  laboratory  recorder  for  use 
with  up  to  six  resistance-type  ,ens- 
ing  elements  or  transducers.  Six 
self  -  contained  temperature  -  con¬ 
trolled  bridge  circuits  are  designed 
for  sensor  resistances  of  85-350 
ohms.  It  records  output  of  the  sens¬ 
ors  every  5  to  30  sec.  Unit  features 
full  scale  range  continuously  vari¬ 
able  from  0.6  ohm  to  60  ohms  with 
an  accuracy  of  percent  full  scale 
reading.  In  typical  applications, 
using  chemically  pure  nickel  sens¬ 
ors,  temperature  changes  of  0.01  F 
in  range  of  100  F  to  160  F  are  con¬ 
tinuously  monitored  and  recorded. 
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Miniature  Relay 
5-mw  type 

Babcock  Relays,  Inc.,  1640  Mon¬ 
rovia  Ave.,  Costa  Mesa,  Calif.  Only 
5  mw  of  power  is  required  to  op¬ 
erate  the  BR-lSZ  miniature  relay. 
The  hermetically  sealed  11  oz.  relay 
was  developed  for  airborne  and 
ground  applications  where  require¬ 
ments  include  very  critical  pull-in 
to  drop-out  ratios,  long  life  and 
temperatures  ranging  from  —  65  C 
to  ±:  125  C.  New  BR-IS  series  meets 
MIL-R-5757C,  6106C  and  25018,  and 
is  available  in  a  variety  of  mount¬ 
ing  and  header  configurations. 
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Still  waiting  for  your  pots? 

Are  your  pot  delivery  schedules  figured  in  weeks  instead  of  days? 

If  you’re  a  member  of  the  Pot  Waiter’s  Club,  read  on; 

At  ACE.  we  fully  inventory  all  parts  for  our  complete  standard 
line!  And  when  a  pot  has  to  be  made  from  scratch  —  we  cut  time 
there,  too.  All  raw  materials  are  warehoused,  and  a  complete 
machine  shop,  including  Swiss  screw  machines,  is  maintained.  Our 
special  prototyping  department  lops  the  time  off 
special  requirements. 

Prepared  engineering  releases  and  part  prints  for 
standard  pots  await  your  incoming  order.  That’s  why, 
within  hours  after  receipt,  your  order  for  standards 
is  into  manufacturing!  So  specify  from  Ace’s  com¬ 
prehensive  line  of  standards,  in  full  resistance  ranges, 
sizes,  configurations  and  functions.  Your  ’special 
spec  ”  is  probably  among  our  standard  line  —  and 
that  means  time  and  money  saved  for  you! 

This  ACEPOT^,  typifying  the  entire  standard  line,  is 

available  on  prompt  delivery! 

Bma  ua  at  IRE  Booth  1811 -1B13 

ELECTRONICS  ASSOCIATES.  INC. 

99  Dover  Strool,  Sonorvill*  44,  Mott. 

SOnMnat  «.3IM  TMX  SMVl  111  West.  UnIm  WUX 

Aceper^  Acplrlur*  AcvMt®  Araekn^  *!••.  Appl.  Ht 
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AIRCRAFT  TYPE 
TERMINAL  BOARDS 


New  series  of  Molded  Terminal 
Boords  avoiloble  in  three  basic 
types — AN,  NAS  and  MS.  Special 
compoundings,  backing  strips  and 
hardware  on  request. 


Gen-Pro  Aircraft  Type  Terminal 
Boards  —  soon  available  through 
distributors.  Sales  and  service  reps 
in  key  U.  S.  cities.  Fast  delivery. 

WRITE  NOW  FOR  FURTHER  DETAILS 


ALL  TYPES 
FROM  ONE  SOURCE 


Gen-Pro't  expanded  line  enables 
you  to  order  all  types  of  Termi¬ 
nal  Beards  from  a  single  source; 
standard  military,  commercial,  and 
others  for  speciol  applicotions. 


GKNKRAI.  PRODUCTS  CORPORATION 

>  Ov*r  25  Years  of  Quality  Molding 

UNION  SPRINGS,  NEW  YORK  TWX  No.  169 
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Literature  of 
the  Week 

MISSILE  BATTERIES.  Yardney 
Electric  Corp.,  40  Leonard  St.,  New 
York,  N.  Y.,  has  issued  bulletin 
Z-101  containing  technical  data  on 
three  new  Silvercel  batteries  for 
the  missile  field. 

CIRCLE  380  ON  READER  SERVICE  CARD 

ANALOG  COMPUTER  CON- 
TROL.  Controls  Division,  Hagan 
Chemicals  &  Controls,  Inc.,  Hagan 
Building,  Pittsburgh  30,  Pa.  Com¬ 
plete  details  on  PowrMag  solid 
state  analog  computer  control  sys¬ 
tems  are  presented  in  a  recent 
bulletin. 
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PRESSURE  CUTOFF.  Datex 
Corp.,  1307  S.  Myrtle  Ave.,  Mon¬ 
rovia,  Calif.  Bulletin  103  covers 
the  PE-103  pressure  cutoff  which 
is  specifically  engineered  for  the 
simultaneous  control  of  pressure 
data  from  a  multiplicity  of  pres¬ 
sure  channels. 
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Exclusive  Cries  techniques  acfuolly  improved 
design  and  performance  by  die  casting  this  zinc 
alloy  threaded  shaft  and  injection  molding  the 
mating  Nylon  nut.  Both  units  formerly  were  pro¬ 
duced  as  screw  machine  parts,  at  5  times  the 
present  cost.  A  typicol  demonstration  of  GRC's 
unique  talent  for  doing  big  things  with  small 
parts  .  .  .  economicallyf  Setid  today  for  bulletin 


Nylon  UA"  long  .03  oz. 
Zinc  Alloy  1%"  long  V2  oz. 

Qvlcfc  d€liv9fh$  Ofi  quonfifMS 
of  100,000  fp  mony  mHtionM 


World'i  forfmoit 
productr  of 
itnnU  die 
eootingt 


2S  jNmt*  of 
IwRiooB  ht 
ttar  Korte 


OlVIKS  REPRODUCER  CORP- 


ISI  Beechweod  Ave.,  New  Rochelle,  N.  Y.  •  NEw  Rochelle  3-4M0 

See  us  at  the  IRE  *  BOOTH  ^4110 


WAVEGUIDE  WINDOWS.  Sylva- 
nia  Electric  Products  Inc.,  1100 
Main  St.,  Buffalo,  N.  Y.  A  catalog 
sheet  contains  electrical  and  me¬ 
chanical  data  for  five  types  of 
ceramic,  glass,  or  mica  waveguide 
windows. 
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AUTOMATIC  CHECKOUT.  Epsco, 
Inc.,  275  Massachusetts  Ave.,  Cam¬ 
bridge  39,  Mass.  A  4-page  bro¬ 
chure  describes  new  automatic 
checkout  equipment — an  rms  to 
d-c  converter,  a  voltage-to-digital 
converter,  a  timer-counter  and  a 
digital  printer. 
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SPECTROGRAPH.  Kay  Electric 
Co.,  Maple  Ave.,  Pine  Brook,  N.  J. 
A  recent  mailing  piece  illustrates 
and  describes  the  Missilyzer,  an 
audio  and  subaudio  spectrograph 
for  missile  data  reduction. 
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NOISE  FACTOR  IMPROVE¬ 
MENT.  Resdel  Engineering  Corp., 
330  S.  Fair  Oaks  Ave.,  Pasadena, 
Calif.  Bulletin  TF165  describes 
the  development  of  a  vhf-uhf  re- 


) 
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EXKCUTIVKS... 

”8lte-see” 


INDUSTRIAL  COLORADO 


...right 

at 


your 

desk! 


•  DiKov.r  how  your  company  con  profit^ 
pofitiv.ly  in  Colorado. 


#  L.orn  why  Colorado  hot  iMcom.  "iho 
Stot.  thot  mor.  than  mMt«  your  tito 
rMtuir.m.ntt. 


#  Examin.  th.  documontMl  fact,  on  Colo¬ 
rado'.  grMt  wraith  of  Monpoww,  Ma- 
torialt,  Mork.t., 


#  Sra  why  Plrarant  Living,  a  product  of 
Colorado',  magic  climat.,  I.  .uch  a 
valuabl.  bonu.  to  indu.try. 


Thi.  r.vi..d..te-th»4ninut.  9-baelil.t  port¬ 
folio,  "Indu.triol  Colorado,"  pr..mt.  on 
informotiv.,  conciM  onolyM.  of  tho  oppor- 
tunitiM  awaiting  now  and  expanding 
indu.try  in  Colorado. 


•  WKiTS  fOK  you*  co*y  todayi 

Colorado  ■ 

DIPARTMENT  OF  DEVELOPMlNr 

63  STATE  CAPITOL  BLDG.,  DENVER  2,  COLO. 
Tour  inquiry  will  bo  hold  in  ofrictoof  eonfidonco. 
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MASTER 

CATALOG 

#21 


Lists  over  12J000 


PRECISION  INSTRUMENT  PARTS 
and  ASSOCIATED  COMPONENTS 


Available  From  STOCK/ 


GEARS  •  SHAnS*  COLLARS*  CLUTCHES  • 
BEARINGS*  COUPLINGS  *  DIFFERENTIALS 
•  SPEED  REDUCERS  and  many  other  Pre* 
ciskm  Engineered  Parts 
&  Components. 

Sqmt  for  Your 
Copy  Today. 


IPS©  DESIGN  CORP. 

^  loidond  tEMIUS  WATCH  (ORAIIT,  Ik. ^ 


477  Atlantic  Ave.,  Ecst  Rockowoy,  L.l ,  N  Y 
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ceiver  input  system  providing  a 
passband  of  200  me  without  tun¬ 
ing,  for  governmental  and  com¬ 
mercial  installations,  to  improve 
noise  factor  in  receiver  installa¬ 
tions. 
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BASE  TAB  STAMPINGS.  Accu¬ 
rate  Specialties  Co.,  Inc.,  37-11 
67th  St.,  Woodside  77,  N.  Y.  Bul¬ 
letin  Z-102  describes  solder  clad 
base  tab  stampings  used  in  making 
ohmic  junctions  to  germanium  or 
silicon  junction  transistors. 
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VECTOR  ANALYZER.  Ad-Yu 
Electronics  Lab.,  Inc.,  249  Ter- 
hune  Ave.,  Passaic,  N.  J.  Descrip¬ 
tion,  specifications  and  suggested 
applications  for  type  2  Vectorlyzer 
are  contained  in  a  single  sheet 
bulletin. 
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POWER  CONNECTORS.  A.P.M. 
Corp.,  252  Hawthorne  Ave.,  Yon¬ 
kers,  N.  Y.  Bulletin  PL-2  illus¬ 
trates  and  describes  Part  No.  N-UP 
121M,  a  flat,  armored  power  con¬ 
nector  with  a  pivotally-mounted 
grounding  blade  which  provides 
automatic  ground  connection  when 
plugged  into  either  2  or  3-pole  re¬ 
ceptacles. 
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TECHNICAL  JOLUNAL.  Airpax 
Electronics  Inc.,  Seminole  Division, 
Fort  Lauderdale,  Fla.  Vol.  1,  No. 
1  of  the  Technical  Journal,  a  peri¬ 
odical  devoted  to  the  study  and 
theory  of  electronic  components 
and  systems,  is  now  available. 
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X-Y  RECORDER.  Houston  Instru¬ 
ment  Corp.,  P.  0.  Box  22234,  Hous¬ 
ton  27,  Texas.  Bulletin  794-1  gives 
complete  data  on  a  new  large  scale 
(24  in.  by  36  in.)  X-Y  recorder 
offering  direct  differential  trans¬ 
former  or  a-c  transducer  input. 
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TEN-TURN  POT.  Helipot  Divi¬ 
sion  of  Beckman  Instruments,  Inc., 
2500  Fullerton  Road,  Fullerton, 
Calif.,  has  issued  a  data  sheet 
describing  a  new  series  of  I  in. 
diameter,  ten-turn  precision  pots 
for  servo  mounting. 
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for  immediate  delivery  of 

GENERAL 
I  N  STRU  M  E  NT 

semiconductors 


(J 


call  your  authorized 
stocking  distributor 


CALIFORNIA 

Eloctronic  Supply  Corp. 

Patodona 

Noworfc  Electric  Company 
Inglowood 

Pacific  Wholoralt  Co. 

Son  Oolco 
San  Francisco 
Son  Diogo 

Shanks  B  Wright,  Inc. 

San  Diogo 

Vailoy  Eloctronic  Supply  Co. 

Burbank 

CONNECTICUT 

Sun  Radio  &  Eloctronics  Co.,  Inc. 
Stamford 

The  Bond  Radio  Supply,  Inc. 

Watorbury 

FLORIDA 

Electronic  Supply 
Melbourne;  branches  in  Miomi, 
Orlando,  St.  Petersburg 

ILLINOIS 

Merquip  Company 
Chicago 

Newark  Electric  Co. 

Chicago 

INDIANA 

Brown  Electronics,  Inc. 

Fort  Woyne 

Graham  Electronics  Supply,  Inc. 
Indianapolis 

IOWA 

Deeco,  Irtc. 

Cedar  Rapids 

/MARYLAND 

Rodio  Electric  Service  Co. 

Baltimore 

MASSACHUSEHS 

The  Greene-Show  Co.,  Inc. 

Newton 

NEW  YORK 

Delbum  Electronics,  Inc. 

New  York  City 

Hudson  Radio  &  Television  Corp. 

New  York  City 

Sun  Radio  B  Electronics  Co.,  Inc. 

New  York  City 

OHIO 

Buckeye  Electronics  Distributors 
Columbus 
The  Mytronic  Co. 

Cincinnati 

Pioneer  Electronics  Supply  Co. 
Cleveland 

OKLAHOMA 

Oil  Capitol  Electronics 
Tulsa 

PENNSYLVANIA 

D  B  H  Distributing  Co. 

Harrisburg 

Herboch  B  Rodeman,  Iik. 

Philadelphia 

TEXAS 

Scooter's  Radio  B  Supply  Co. 

Fort  Worth 

WASHINGTON 

Seattle  Radio  Supply  Co. 

Seattle 

WISCONSIN 

Radio  Parts  Co.,  Inc. 

Milwaukee 

DIttrlbutor  DIvlolon 
IfRAL  instrument 

CORPORATION 
240  Wyth*  Avenu* 
Brooklyn  11,  N.V. 


Visit  us  at  IRE  Show  Booth  1218-24 
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PLANTS  AND  PEOPLE 


Zarem:  operates  in  threes 

For  three  consecutive  years  president  A.  M.  Zarem  has  tripled  sales,  per¬ 
sonnel,  and  floor  space  of  his  Electro-Optical  Systems,  Inc.,  in  Pasadena, 
Calif.  Last  month  he  began  consolidating  several  scattered  groups  under 
one  brand  new  roof  covering  50,000  sq  ft  of  floor  space,  boosting  company 
total  to  66,000.  Basically  a  research  organization,  dedicated  to  space  tech¬ 
nology,  EOS  handfeeds  projects  from  initial  concept  to  prototype,  bows 
out  when  production  starts.  All  activity  is  divided  into  five  divisions: 
Solid  State,  Advanced  Electronics,  Energy  Research,  Fluid  Physics,  and 
Space  Defense  Systems. 

Founded  in  1956,  EOS  has  one  of  the  few  research  contracts  on  ionic 
propulsion  for  space  flight,  is  well  along  on  development  of  electro-optical 
pulsing  methods  for  long  range,  low-powered  communications  and  control 
systems.  Recently  developed  are  a  nickel-sized  solid  state  optical  tracker 
for  the  military  and  industry,  and  several  systems  for  heat  rejection  in 
space. 

Born  42  years  ago  in  Chicago,  Zarem  graduated  from  Illinois  Institute 
of  Technology,  got  his  master’s  and  PhD  (Magna  Cum  Laude)  in  science 
from  CalTech.  During  a  brief  stint  with  Allis-Chalmers,  he  was  active 
on  an  “automatic  oscillograph  with  a  memory’’.  He  joined  the  Manhattan 
District  Project  in  1945. 

Zarem  is  perhaps  best  known  for  an  ultra-fast  electro-optical  camera 
invented  while  he  was  head  of  NOTS  Basic  Research  Electronics  divi¬ 
sion  in  Pasadena,  after  World  War  II.  It  has  an  effective  exposure  time 
of  one-billionth  of  a  second.  In  1948  ETA  Kappa  Nu  tabbed  him  “The 
Outstanding  Young  Electrical  Engineer  of  the  U.  S.,’’  and  two  years  later 
he  was  selected  as  one  of  “America’s  Ten  Outstanding  Young  Men’’  by  the 
National  Junior  Chamber  of  Commerce.  He  joined  Stanford  Research 
Institute  in  1948,  and  before  striking  out  on  his  own  in  1955,  headed  up 
its  Southern  California  division. 

Bristling  with  good-humored  energy,  Abe  Zarem  “never  walks  but  what 
he  runs.’’  The  head  of  an  EOS  department  recently  dubbed  him  “the 
hardest  working  employee  we’ve  got’’  after  watching  him  work  straight 
through  48  hours. 

An  inveterate  ping-pong  player,  Zarem  lives  with  his  wife  and  three 
children  (ages  8  to  13)  in  San  Marino,  likes  to  read  non-scientific  best 
.sellers.  He  unwinds  after  a  grueling  day  by  taking  long  solitary  evening 
walks,  claims  there  are  no  problems  that  don’t  appear  simpler  at  such 
times. 


Ampex  Division 
Advances  Glass 

Promotion  of  William  Glass  to 
manager  of  the  Dayton,  0.,  district 
office,  has  been  announced  by  the 
Ampex  Data  Products  Co.,  Redwood 
City,  Calif.  A  division  of  Ampex 
Corp.,  the  company  manufactures 
magnetic  tape  recorders  widely 
used  for  the  acquisition,  storage 
and  processing  of  business  and 
scientific  data.  The  equipment  plays 
a  major  part  in  aircraft  and  mis¬ 
sile  testing. 

In  assuming  his  new  position. 
Glass  will  supervise  technical  sales 
and  customer  relations  for  the  area. 

Before  joining  Ampex,  he  was 
with  the  Applied  Science  Ck)rp.  of 
Princeton  (ASCOP).  Earlier  he  did 
telemetry  systems  work  for  RCA’s 
Patrick  Air  Force  Base,  Florida  in¬ 
stallation,  and  was  a  research  and 
development  engineer  for  Hughes 
Aircraft,  Culver  C?ity,  Calif. 


Raytheon  Names 
Marketing  Mgr. 

Edmond  P.  DiGiannantonio  has 
been  named  marketing  manager  of 
Submarine  Signal  Operations  of 
Raytheon  Company’s  Equipment 
Division. 

Formerly  manager  of  product 
planning  for  Sub-Sig  Operations, 
Di  Giannantonio  joined  Raytheon 
in  1956  as  a  product  sales  manager 
for  the  Equipment  Division.  He 
later  held  posts  as  divisional  plan¬ 
ning  officer  and  manager  of  pro¬ 
gram  planning  in  corporate  govern- 
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Production  Inspection  is  Faster  and  Easier 
with  a  J&L  Optical  Comparator 

•  •  •  and  its  extreme  versatility  enables  you  to  perform 
inspections  that  used  to  be  ''impossible"! 

More  and  more  electronics  manufacturers  throughout  the  with  extreme  precision  and  speed  makes  it  ideally  suited 

country  are  using  Jones  &:  Lamson  Optical  Comparators  for  checking  electronics  components,  especially  those 

in  their  quality  control  operations.  Small  shops,  as  well  which  are  tiny  or  intricately  contoured, 

as  the  giants,  have  learned  that  a  J&L  Comparator  pays  Investigate  how  the  J&L  Comparator  can  help  you  make 

for  itself  in  very  short  order.  your  production  operations  more  efficient .  . .  and  more 

The  Comparator’s  ability  to  measure  and  inspect,  profitable.  Write  today  for  a  free  copy  of  our  new  illustrated 

through  shadow  magnification,  all  sorts  of  parts  and  objects  catalog  No.  5700. 


For  Instanco  —  A  customer  writes:  "One  of 
our  assemblies,  containing  32  separate  circuits, 
measures  only  5^"  dia.  by  1"  long.  The  parts  which 
go  Into  this  assembly  must  have  perfect  shape  and 
tension,  which  are  impossible  to  check  by  mechanical 


means.  Two  such  parts  arc  these  .005  dia.  gold 
wires,  and  precisely  toothed  brush  spacers.  Since 
using  the  J&L  Optical  Comparator  in  our  inspec¬ 
tion,  assembly  failure  due  to  malfunction  of  either 
of  these  two  parts  has  virtually  disappeared.” 


This  precisely- threaded  rod  (used  in  calculating 
machines)  is  of  .047"  dia.  stock,  120  pitch,  with 
continuous  threading  along  its  entire  12"  length. 
Threading  accuracy  and  critical  dimensions  are 
measured  and  checked  speedily  and  efficiently  with 
a  J  &  L  Comparator. 

Modal  PC-14 


JONES  &  LAMSON  MACHINE  COMPANY.  Dept.  710.  539  Clinton  Street,  Springfield,  Vermont 


CIRaE  95  ON  READER  SERVICE  CARD  95 


ELECTRONKS  •  MARCH  4,  1960 


s 


merit  relations. 

Prior  to  joining  Raytheon,  he 
was  assistant  business  manager  for 
the  Instrumentation  Laboratory  of 
MIT. 


Sprague  Hires 
McQueeney 

APPOINTMENT  of  William  E.  Mc¬ 
Queeney  as  a  product  specialist  in 
the  Field  Engineering  department 
of  the  Sprague  Electric  Co.,  North 
Adams,  Mass.,  is  announced.  His 
responsibilities  will  be  in  the  field 
of  electrolytic  capacitors. 

Prior  to  joining  Sprague,  Mc¬ 
Queeney  was  associated  with  the 
U.S.  Shoe  Machinery  Co.  and,  most 
recently,  with  the  Westinghouse 
Electric  Corp.  in  Pittsburgh,  Pa. 


Atlas  Engineering 
Spreads  Out 

Norman  Scotch,  vice  president  of 
the  Atlas  Engineering  Co.,  Inc., 
Roxbury,  Mass.,  announces  the  con¬ 
struction  of  a  15,000  sq  ft  ultra¬ 
modern,  electronics  plant  in  the 
Natick,  Miiss.,  Industrial  Center. 

The  new  plant  will  house  Atlas 
Controls,  Inc.,  formerly  the  Power 
Supply  division,  a  subsidiary  of  At¬ 
las  Engineering  Co.,  Inc. 

This  development  along  with  the 
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DAXiJi:  at  Los 


Alamos  has  a  peak  rating  of 


20  thousand  volts,  and  will  de¬ 


liver  40  million  amperes  in  10  micro¬ 


seconds.  It  is  a  power  supply  for 


Project  Sherwood  investigations  in 


controlled  thermonuclear  reactions. 


Los  Alamos  is  one  of  the  nation  s 


leading  centers  for  this  and  other 


aspects  of  plasma  physics  research. 


N  For  employment  information 


write:  Director  of  Personnel 


Department  60  -  23 


scientific  laboratcry 


Of  ,'Hf  UNIVE»SlTY  Of  CAl-fOUN  » 

lOS  ALAMOS  NEW  MEXICO 
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addition  of  10,000  sq  ft  of  new 
production  facilities  at  the  main 
Atlas  Engineering  plant  are  two 
of  the  many  steps  Atlas  has  taken 
in  its  current  expansion  program. 
The  facilities  expansion  at  Atlas 
will  help  expedite  many  important 
commodities  for  the  government 
and  civilian  market. 


News  of  Reps 

Atohm  Electronics,  Sun  Valley, 
Calif.,  recently  named  two  new 
reps: 

Ridley  Associates  of  Chicago, 
covering  Illinois  and  Wisconsin; 
and  Paul  A.  Bjork  of  San  Diego, 
handling  San  Diego  County. 

Brimberg  Associates,  Inc.,  of 
Washington,  D.  C.,  has  been  named 
engineering  sales  rep  in  the  Mid- 
Atlantic  states  for  Pitometer  Log 
Corp.  of  New  York  City. 

Networks  Electronic  Corp.,  Van 
Nuys,  Calif.,  announces  the  ap¬ 
pointment  of  three  sales  reps. 

B.  B.  Taylor  Corp.,  Baldwin, 
N.  Y.,  will  cover  the  metropolitan 
New  York  area.  Long  Island  and 
northern  New  Jersey.  Johnson 
Associates  of  Casselberry,  Fla., 
will  cover  the  state  of  Florida,  and 
the  Emory  Design  and  Equipment 
Co.  of  Birmingham,  Ala.,  will  han¬ 
dle  Alabama,  Georgia  and  Ten¬ 
nessee. 

Land-C-Air  Sales  of  Tuckahoe, 
N.  Y.,  announce  their  appointment 
as  sales  engineers  by  El-Rad  Mfg. 
Co.  of  Chicago,  Ill.  Territory  con¬ 
sists  of  upstate  New  York,  north¬ 
ern  New  Jersey,  New  York  City 
and  Long  Island. 

Henschen,  Jensen  and  Co.,  manu¬ 
facturers’  rep  covering  the  state 
of  Michigan,  recently  added  to  its 
staff  Ray  Van  Riper  and  Richard 
A.  “Dick”  Albrecht. 

Skysweeper,  Inc.,  McHenry,  Ill., 
has  appointed  Mel  Foster,  Minne¬ 
apolis,  Minn.,  as  its  rep  in  the 
Twin  Cities  area.  Skysweeper 
manufactures  transformers,  coils, 
wire  harnesses  and  cable  assem¬ 
blies;  also  handles  a  variety  of 
contract  assembly  work  in  the  elec¬ 
tronic  field. 
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. . .  Accurate 
CcHtr0lle4  ^rea  Heat! 


with  Sherman  HF  Induction  Heaters . . . 


New  Sherman  Induction  Heaters  provide  an  ex¬ 
tremely  versatile  tool  for  all  manufacturing  op¬ 
erations  requiring  controlled  area  heating.  Mod¬ 
ern  3  megacycle  units  supply  instantaneous 
pin-point  heat  with  no  contamination  and  no  pre¬ 
heating,  permitting  a  safer,  more  accurate  and 
reliable  method  of  sealing  semiconductors,  diodes 
and  transistors,  as  well  as  soldering,  brazing 
and  heat  treating.  All  Sherman  Induction  Heat¬ 
ers  are  designed  for  use  on  regular  factory 
voltages  and  completely  automatic  units  can  be 
built  to  satisfy  individual  requirements. 


SiKnr  S«Mwint 


PraUwliM  Iniinf 


AdtMMiii  Unit 


SHERMAN  INDUSTRIAL  ELECTRONICS 

Division  of  ^  ^  Induction  and  Dielectric  Heaters 

■UECTRONICS  DKVKLORMKNT,  INC./STATB  COLLBOK,  PENNSYLVANIA 
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A  Pneumatic  Attachment 
on  The  Green  Model  D2 
Engraver 
rapidly  drills 
holes  in  printed 
circuits  by  tracing 
templates. 


•  Drill  at  many  at  100  holat  ptr  minute.  Foot  twitch 
actuatet  air  powered  operation. 

•  Drill  tpeedt  and  feedt  have  independent  adjuttmentt. 
Feed  regulated  by  air  pretture. 


•  Spindle  tpeedt  up  to  26,000  rpm.  Permitt  ute  of  carbide 
drillt  when  required. 


•  D2-201  air  attachment  includes  spindle  air  cylinder, 
regulating  valve  and  pretture  gauge,  foot  twitch, 
filter  and  oiler,  ready  to  operate  when  connected 
to  compressor. 

The  Model  D2  Heavy  Duty  Pantograph  Engraver  features  ratios  of  2  to  1 
to  infinity.  Unobstructed  on  three  sides  to  handle  large  work.  Micrometer 
adjustment  for  depth  of  cut.  Vertical  range  10'”  adjusting  copy 
table  automatically  with  pantograph. 

GREEN  INSTRUMENT  COMPANY,  INC. 

363  Putnam  Ave.  •  Cambridge  39,  Mass. 

VISIT  us  AT  BOOTH  841  AT  THE  TOOL  SHOW 
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AUGAT’S  REVOLUTIONARY 


The  answer  to  more  effective 
cooling  of  subminiature  tubes! 


Heat-dissipating  subminiature  tube  shield  with  elastic  thermal  conductor 


Resilient  elastomer  will  com¬ 
pletely  conform  to  pronounced 
irregularities  of  glass  surface 
thus  reducing  dangerous  hot 
spots. 

Tubes  protected  from  severe 
shock  and  vibration  by  rubber- 
like  elastomer  which  cushions 
glass. 


tnla^gea  section  ot  Elasta 
damn's  inner  cartridge 


Enlarged  section  conventional 
heat-dissipating  tube  shield. 


For  additional  information  write  for  bulletin  No.  559. 


AUGAT  BROS..  INC 


31  Perry  Avenue  *  Attleboro,  Mass. 


'Trademark 


Mail  Coupon  for  Your  Free  Copy  Today 
and  Start  Saving  Right  Away! 


BACKTALK 


Outstanding  vs  Authorized 

Re:  your  coverage  of  United 
Components’  stockholders  meeting 
(p  21,  Jan.  29)  .  .  . 

It  was  called  to  my  attention  that 
you  referred  to  the  increased  capi¬ 
talization  in  these  terms:  “.  .  .  to 
increase  to  one  million  the  number 
of  shares  outstanding"  I  believe 
correct  wording  should  have  been 
“.  .  .  to  increase  to  one  million  the 
number  of  shares  authorized." 

There  appears  to  be  an  important 
technical  difference  between  the 
two  words  outstanding  and  author¬ 
ized.  I  leave  it  to  your  judgment  to 
determine  whether  a  correction  is 
warranted  .  .  . 

S.  Leighton 

Darius  Inc. 

New  York  City 

The  difference  is  indeed  im¬ 
portant:  stock  authorized  by 
shareholders  becomes  outstanding 
only  as  released  by  the  secretary 
or  treasurer  for  sale. 


Sm  you  01  tho  I.R.E.  Show,  Booth  Number  4504 
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Int’l  Electrotechnical  Committee 

We  call  your  attention  to  the 
forthcoming  Fall  meeting  of 
the  International  Electrotechnical 
Committee  in  New  Delhi,  India. 

The  American  interests  in  the 
work  of  I  EC  are  represented 
through  the  U.  S.  National  Com¬ 
mittee  of  the  I  EC,  which  is  an  in¬ 
tegral  part  of  the  American  Stand¬ 
ards  Association.  The  ASA  is  the 
coordinating  body  and  clearing¬ 
house  for  voluntary  national  stand¬ 
ards  in  the  U.  S.  It  is  a  federation 
of  120  national  trade  associations, 
professional  societies  and  consumer 
groups,  with  some  2,000  company 
members. 

ASA  is  concerned  that,  because 
of  the  distance  involved,  American 
representation  at  New  Delhi  may 
be  poor.  However,  it  is  very  much 
in  the  American  interest  to  be  well 
represented — for  technical,  com¬ 
mercial  and  diplomatic  reasons. 

Of  course,  only  highly  qualified 
engineers  can  represent  the  U.  S. 
at  the  meeting.  Approval  of  dele¬ 
gates  is  in  the  hands  of  the  various 
technical  committees.  The  problem 
is  that  the  technical  men  realize 


SITE 

SEEING? 


BIG  WHOLESALE 
GARDEN  &  SPORTING 
GOODS  CATALOG 

OVER  10,000 


Nationally- A  J¥ertiseJ 
fraiatts  at  tig  Savings  I 

Save  money  on  Garden  and 
Home  Supplies.  Sporting 
Goods.  Cameras.  Radios  and 
Gifts.  Ideal  for  employee 
purchases,  incentive  plans, 
premiums,  gilts.  Every  item 
guaranteed. 


Site-sec  Minnesota  from  your  desk!  New 
112-page  fact  book  lists  123  Minnesota 
cities  with  latest  industrial  facts  and  avail¬ 
able  sites— plus  name  of  local  contact. 

muw%mgmwt  On  yaur  linn's  l•H•rtl•ad  for 
Ilf  U I  I  V  *  industrial  sila  baak,  "Minnasolu 
n  All  A  iJn  Walcomas  Naw  Industry" 

Dept,  of  Business  Development,  State  Capitol^ 
Dept.  445,  St.  Paul,  1,  Minnesota 


NATIONAL  DPT.  EL  8 1 2  W.  Joclucn.  Chkago  7 


Send  me  your  Free  Wholesole  Catalog  with  Ihoutonds 
of  monoy-iovinQ  voluoi. 


Nome. 


Address. 
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IT’S 

WHAT’S 

IN 

HERE 

THAT 

COUNTS 


Do  you  know,  for  instance ...  which  electronic  stocks  are 
hottest?  Who’s  in  the  news  and  why?  About  “Three  Ap¬ 
proaches  to  Microminiaturisation’’?  About  the  newest  prod¬ 
uct  ideas  hitting:  the  market?  What’s  up  in  production? 
Opportunities  overseas?  What’s  going:  on  in  Washington? 

It  pays  to  know  more  than  the  next  man!  The  questions 
above  are  just  6  reasons  why  you  should  subscribe  to 
eleetroniea. 

IF  YOU’RE  ON  THE  TAG  END  OP  A  ROUTING  SLIP, 
get  your  own  subscription.  Knowing  what’s  going  on  is  the 
first  step  to  going  up. 

Fill  in  the  coupon  below  right  now... it  will  pay  big 
dividends. 

FIND  WHAT  YOU  NEED  IN... 

electronics 


— Renew  my  subscription  for  3  more  years. 

— Enter  my  new  subscription. 

U.S.  Subscription  Rates: _ 3  years  $12 _ 1  year  $6 

Canadian  rates  $10  for  1  year.  Foreign  rates  $20  for  1  year. 


Name. 


street _ 

Citv 

_ Zone  State 

Company 

Street 

City 

Zone  State 

Your  Title _ 

Department 

Product  Manufactured  or  Service  Performed _ 

Mail  reply  to:  electronics,  330  West  42nd  Street,  New  York  36,  N.Y. 


AN  UNLIMITED  SOURCE  OF 
SKILLED  LABOR 

Impartial  analyses  show  Metropoli¬ 
tan  Miami  to  be  the  nation’s  last 
unlimited  source  of  skilled,  technical 
labor.  Let  us  show  you  how  this  fac¬ 
tor,  combined  with  the  area’s  other 
many  advantages,  can  mean  a  prof¬ 
itable  plant  location  for  your  firm. 


SEND  FOR  300  PAGE  SURVEY  OF 
THIS  DYNAMIC  AREA 

This  important  study  will  be  mailed  to  you,  in 
strictest  confidence,  if  you  write,  on  your  letter¬ 
head,  to  the  address  listed  below. 

RICHARD  J.  WELSH,  Director 


Dade  County  Development  Department 

CHAMBtK  Of  COMVIfRCf  HIJIIDING 
t45  NOHTHIAST  StCOND  AVf  NUf  •  MIAMI  i?.  flOKiDA 
An  agency  of  the  Metropolitan  Miami  government 
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KYORITSU  ELECTRICAL  INST.  WORKS,  LTD. 


HO.  120,  Nokafi*.«ho,  Msguro-kw,  Tokyo,  iopon. 
CoMo  AddroM  “  KYOKrTSUKEIKI  TOKYO  ” 
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%«</  REAR -PROJECTION -TYPE 

IN-LINE 

DIGITAL  DISPLAY 


Industrial  Electronic  Engineers,  inc 

5528  Vineland  Avenue 
North  Hollywood,  California 


TMMD'L 


the  importance  of  being  repre¬ 
sented,  but  that  some  of  the  top 
management  people  who  have  to 
make  available  the  traveling  funds 
may  not  be  fully  aware  of  the  im¬ 
portance  of  the  event.  I  think  it  is 
in  this  area  that  you  can  render  a 
valuable  service  by  giving  advance 
news  of  the  meeting  and  by  stress¬ 
ing  its  significance  .  .  . 

Sheldon  Osborne 
Ketchum,  McLeod  &  Grove 
New  York  City 

lEC  certainly  has  performed 
some  important  work  in  the  area 
of  standardization,  and  deserves 
the  cooperation  of  industry.  This 
technology  has  been  affected  be¬ 
fore  by  decisions  made  without  its 
representation,  and  we  feel  that 
electronics  management  will  ade¬ 
quately  support  the  forthcoming 
Fall  meeting. 


FEATURES 

ONE-PLANE  PRESENTATION 


WITH  *'TV  T**  TELEVISION  TNANSCNIPTION  SHUTTE 
{each  AUAtCON  U.  S.  PATENT  2.677.012) 

...the  practical,  low-cost  method 
of  recording  closed-circuit  TV  picture 
and  sound  for  future  reference! 


Easily  viewed  from  over  100 
a  single  digit  or  letter  is  use 
high! 

DESIGNED  FOR  FAST 
EASY  READING  OF 

•  Process,  production,  and 
supervisory  control  panels 

•  Display  boards 

•  Test  equipment 

•  Other  types  of  visual 
readouts 


Quantity  Prices 
On  Request 

Write  Today  for  Complete  Specifications 


Write  for  your  free  copy 
of  Auricon  ‘‘VFR"  Brochure 


Looking  to  the  60s 

I  want  to  extend  my  compliments 
to  you  for  the  exceptionally  fine  job 
you  did  on  the  1960  industry  fore¬ 
cast  (Special  Report  “The  Electron¬ 
ics  Market  Looking  into  the  Six¬ 
ties,”  p  49,  Jan.  1). 

In  a  field  where  numbers  and 
projections  are  freely  kicked 
around,  it’s  gratifying  to  see  a  re¬ 
port  as  comprehensive  and  realistic 
as  yours.  You’ve  covered  the  in¬ 
dustry  and  the  related  marketing 
and  economic  infiuences  in  an  intel¬ 
ligent  manner,  providing  a  good 
workable  research  tool.  Personally, 
I  expect  to  utilize  the  report  in  both 
planning  future  marketing  pro¬ 
grams  and  selling  management. 

Thanks  for  making  my  job  easier. 

Edmund  S.  Fieldsteel 
Loral  Electronics 
New  York  City 


B.A.OH  .A.XTRXOOZia’.  Xn.o. 
6924  Romaine  St.,  Hollywood  38,  Calif. 
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a  Maal  Ihriag  aad  waHUag  caaditiaas 
a  Abaadaat.  caataafad,  sklHad  aad 
aaskillad  lafcar 

a  Madam  iadattrial  baildiags  availalila 
a  ExcellaatIv  laratad  iadattrial  sitas 
a  Rail,  track,  air,  watar  traaspartafiaa 
a  Adiaiaiag  daap  watar  Part  Evarglodat 
a  Caavaoiaat  ta  U.S.  aad  latia  Aaiarkaa 
nwrkats 

a  Hak  af  Flarida’s  faslast  grawiag 
markat 

Write  for  Industrial  Brochure 
Inquiries  held  in  strict  confidence 

INDUSTRIAL  DIVISION,  DEPT.  E 
CHAMBER  OF  COMMERCE 
HOLLYWOOD,  FLORIDA 


Minification 

Re:  the  argument  on  the  merits 
of  miniaturize  vs  minify  .  .  . 

Both  sides  have  strong  argu¬ 
ments,  but  in  a  technical  field  we 
can’t  allow  artistic  or  other  non¬ 
technical  considerations  to  have 
undue  influence.  The  main  thing  is 
mutual  understanding. 

The  old  word  is  familiar;  I  say 
stick  with  it. 

H.  N.  Stover 

Haddonfield,  N.  J. 
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EMPLOYMENT  OPPORTUNITIES 


Sure,  we're  proud  of  what  they're  saying  in  consumer  circles 


BUT,  MR.  ENGINEER,  DID  YOU  KNOW 


. . .  that  people  are  talking  up  Magnavox  in  the  military  and  industrial 
fields  as  well?  That  we  not  only  make  the  world’s  finest  stereophonic 
high  fidelity,  radio  phonographs  and  television  instruments,  but  do 
vital  work  for  some  of  the  principal  names  in  government  and 
industry  both  here  and  abroad?  We  are,  in  fact,  currently  engaged 
in  advanced  electronic  activity  covering  the  broad 
areas  of  communications,  airborne  radar,  missiles,  anti-  .  .  .  ..  '• 
submarine  warfare  systems  and  data  processing  '  j  •i.v.-y’k ‘.j 

equipment.  And  the  growing  demand  for  our  services  in  a 
every  one  of  these  fields  has  made  it  necessary  to  put  in  'y  .'j' 

a  call  for  more  creative  talent.  If  you’re  an  engineer  with  ,  ‘  1 
a  yen  for  challenge ...  if  you  like  to  work  with  interesting,  < 


Phone  Dick  Eary  {coUeet,  of  course)  at 
Eastbrook  97tl  in  Fort  Wayne  or  write 
him  today  for  complete  information. 


FORT  WAYNE,  URBANA,  ILLINOIS,  LOS  ANGELES,  CALIFORNIA 


rkirLk'^i^  •  >i 


THB  MAONAVOX  CO.  •  DIPT.  214  •  Government  and  Industrial  Division  •  PORT  WAVNB,  IND. 
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Engineers  •  The  Probability  is  High  That 


yowo  uteojtm  Idem 


WiM  Tds/uJv  'Tangihtie/  F(ym  oZ  >^cunjdm 


This  company  owes  its  surprising 
growth  (from  a  handful  of  brilliant 
men  8  years  ago  to  a  1200-man  organ¬ 
ization  today)  to  the  originality  of  its 
conceptions  in  diverse  electronic 
fields.  (Examples  of  Sanders’  firsts  in¬ 
clude  PANAR*  radar,  TRI-PLATE* 
microwave  products,  FLEXPRINT* 
flexible  printed  circuits.) 

If  you  have  the  capacity  to  father 
genuine  technical  innovations,  you 
will  find  engineer-management  recep¬ 
tive  at  Sanders  Associates.  You  will  be 
encouraged  to  demonstrate  the  practi¬ 
cality  of  a  promising  idea,  and  assisted 
in  doing  it.  And  you  can  rely  on  receiv¬ 
ing  professional  and  financial  recog¬ 
nition  for  creative  contributions. 

Right  now  opportunities  are 
available  at  Sanders  on  a  variety  of 
conunercial  and  defense  projects,  in- 
duding  a  very  sophisticated  seeker 
system  for  the  U.  S.  Navy’s  Eagle 
Missile,  which  it  is  believed  will  pro¬ 
vide  superior  performance  in  the  face 
of  increasingly  effective  countermeas¬ 
ure  techniques. 


To  learn  more  about  opportuni¬ 
ties  for  you  at  Sanders  — and  the 
advantages  of  our  location  in  the  pro¬ 
gressive  New  England  community  of 
Nashua,  New  Hampshire  (less  than 
an  hour  from  downtown  Boston), 
send  a  resume  to  Lloyd  Ware,  Staff 
Engineer,  Dept.  906. 


ECM  ENGINEERS 

Desiring  to  advance  the  state- 
of-the-art  through  new  sys¬ 
tems  concepts  and  to  trans¬ 
late  these  concepts  into  pro¬ 
duction. 

MICROWAVE 

ENGINEERS 

For  stimulating  systems 
study,  antenna  design  and  re¬ 
search  leading  to  marketable 
TRI-PLATE®  microwave 
products. 

SYSTEMS  & 

CIRCUITS  ENGINEERS 

For  analysis  and  design  of 
weapons  systems  and  compon¬ 
ent  parts  such  as  receivers, 
transmitters,  test  equipment, 
data  processing  equipment 
and  transistorized  special  cir¬ 
cuits. 

ANALYTICAL 

ENGINEERS 

Data  systems,  weapons  and 
countermeasures. 

INSTRUMENTATION 

ENGINEERS 

For  gyro  development,  sys¬ 
tems  development,  servo  de¬ 
velopment  and  product  engi¬ 
neering. 


SUNDERS  RSSaCIRTES,  INC. 


NASHUA,  NEW  HAMPSHIRE 


*r«sUUred  U.S.  trademark 


CHALLENGING 

CAREER 

OPPORTUNITIES 


Technological  breakthroughs  at  Westing- 
house-Baltimore  have  created  unprece¬ 
dented  career  opportunities  for  creative 
engineers.  Those  accepted  will  work  with 
the  finest  of  facilities,  on  advanced 
weapons  systems  projects  such  as  Radar, 
Molectronics,  Missile  Guidance,  Commu¬ 
nications,  Electronic  Counter-Measures 
and  Space  Age  Electronics  ...  in  the 
friendly  Chesapeake  Bay  country,  a 
sportsman’s  paradise. 

CURRENT  OPENINGS  INCLUDE: 

•  Liaison  and  Field  Engineerins 

•  Transmitter  and  Receiver  System 
Development 

•  Advanced  Antenna  Systems 

•  System  Synchronization 

•  Digital  Computer  Design 

•  Advanced  Data  Displays 

•  Network  Synthesis 

•  Microwave  Systems 

•  Systems  Reliability  Prediction 

•  Advanced  Systems  Automated 
Test 

•  Mechanical  Design  li  Packaging 

SEND  RESUME  TO:  MR.  A.  M.  Johnston,  Dept.' 267 

Wfestinghouse 
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I 


ELECTRONIC 

ENGINEERS 

STAVID 

offers  all  3  most  important 
position  considerations 

CAREER  OPPORTUNITIES 

based  on  solid,  long-term  growth  ,  ,  . 

TOP  EARNINGS 

fully  commensurate  with  experience  .  . , 

CHALLENGING  ASSIGNMENTS 

made  possible  by  project  diversification. 

STAVID  has  immediate  openings  in 
career  opportunities  in  airborne,  ship¬ 
board  and  ground-based  systems  and 
equipment.  Degree  or  graduate  degrees. 
Electrical  or  Mechanical  Engineering, 
Physics  or  Math.  Positions  available  at 
all  levels  in  research,  design,  develop¬ 
ment  and  field  service  engineering. 

RADAR  SYSTEMS 

■  High-Power  Modulation 

■  UHF  &  VHF  Development 

■  Antennas 

■  Receivers  &  Transmitters 

■  Transistor  Applications 

■  Microwave  Development 

■  Digital  Techniques 

■  Electro-Mechanical  Packaging 

■  Pulse  Circuit  Techniques 

■  Telemetry 

■  I.F.  &  Video  Circuitry 

■  Environmental  Testing 

STAVID'ft  farllltIrN  In  Plalnflrld,  »w 
Jemry,  at  tht*  foothlllii  of  the  Watrhunfc 
MountainH,  are  near  excellent  M'hoolH, 
mtidem  nhoppinit  facilities  and  ample  houM* 
liiir  accommc^atlonii.  With  New  York  City 
Just  4A  minutes  away,  and  the  »w  Jersey 
shore  within  one  hour’s  drive,  the  Plainfield 
area  provides  an  Ideal  environment  for 
work,  recreation  and  comfortable  suburban 
living. 

DURING  THE 

I.  R.  E.  CONVENTION 

(March  21st  through  24th) 

STAVID  will  conduct  interviows  at  the  Henry 
Hudson  Hotel,  353  West  57th  Street,  N.Y.C. 
(Opposite  New  York  Coliseum).  To  arrange 
appointment  in  odvance,  call; 

PLAINFIELD  7-1600 

(flaingeW,  N.  J.) 

or  tend  rtsumo  to: 

J.  CLOVIS,  Portonnel  Oopt.  B*3 

LOCKHEED 

ELECTRONICS  COMPANY 
STAVID  DIVISION 

KU.  S.  Highway  22,  Plainfield,  N.  J. 


REWARDING! 


A  feeling  of  accomplishment,  comfortable  salary,  security,  fine 
home,  prestige  in  the  community.  Yes,  these  are  the  marks  of  a 
successful  Motorola  engineer  in  Chicagoland.  But,  what  exactly 
makes  a  career  at  Motorola  so  rewarding — beyond  the  ordinary 
realm  of  material  benefits? 

Foremost  is  opportunity.  For  here  a  man  is  encouraged  to  use 
all  of  his  creative  talents  to  their  fullest.  He  works  on  projects 
that  spark  vision,  that  inspire  imagination.  He  works  with  men 
who  recognize  and  respect  his  abilities  ...  a  calibre  of  men  that 
he  cannot  help  but  admire. 

Yes,  a  career  at  Motorola  is  deeply  rewarding.  You  owe  it  to 
yourself  to  discover  exactly  how  much.  Simply  clip  the  coupon  below. 


•  R,d*r  trammittars  and  rwaivars 

•  Radar  circuit  dasign 

•  Elactronic  countarmeaaura  systama 

•  Military  communications  aquipmant  dasign 

•  Puls,  circuit  dasign 

•  IF  strip  dasign 

•  Davica  using  kylstrom,  travaling  wava  tutia 
and  tMCkward  wava  oscillator 

•  Display  and  storage  davicas 
2-WAY  RADIO  COMMUNICATIONS 

•  VHF  «  UHF  racatvar 

•  Transmittar  design  and  davalopmant 

•  Power  supply 

•  Systems  engineering 

•  Antenna  design 

•  Salactiva  signaling 


•  Transistor  applications 

•  Crystal  enginaaring 
a  Salas  engineering 

a  Dasign  of  VHF  t  UHF  FM  communications 
in  portabla  or  subminiatura  davalopmant 
a  Microwave  Raid  anginaars 
a  Transistor  switching  tircuit  dasign 
a  Logic  circuit  dasign 
a  T.V.  circuit  design  engineering 
a  Home  radio  dasign 
a  New  product  dasign 
a  Auto  radio  dasign 
a  Mechanical  enginaaring 
a  Semi-conductor  device  davalopmant 
a  Semi-conductor  application  work 


AI»o  Spimndid  Opportunitima  In: 

Phoenix,  Arizona  and  Riverside,  Caiifornia 


Sand  CompMm  Rmaumm  to: 


MR.  L.  B.  WRENN 
Engineering  Personnel  Mgr. 

Dept.  D 

4501  Augusta  Blvd. 

Chicago  51,  lilinois 

MtmROLA  me. 
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EMPLOYMENT  OPPORTUNITIES 


OPPORTUNITY 

THROUGH 

GROWTH 

at  expanding  Electronics  Division  of 
Curtiss-Wright  Corporation 


Within  the  next  few  months,  the  Electronics  | 

Division  will  complete  relocation  in  a  new  facility 
in  East  Paterson,  N.  J.,  consisting  of  a  main  plant  I 

and  separate,  newly  constructed,  modem  engineer*  i 

ing  building,  totaling  485,000  square  feet. 

There  are  excellent  career  opportunities  for  |! 

qualified  engineers  in  the  following  positions:  | 

DIGITAL  COMPUTER  ENGINEERS 
Logical  design,  circuitry  or  systems  experience  for  I 

the  design  of  real  time,  solid  state  digital  com¬ 
puters.  I 

NAVIGATIONAL  AIDS  ENGINEERS 
Design  of  precision  resolver  and  multi-speed  syn-  I 

chro  servo  systems  or  high  accuracy  analog  com- 
puters  for  solutions  in  spherical  coordinates  or 
inertial  systems  analysis  and  design.  ' 

RADAR  AND  SONAR  ENGINEERS 
Pulse  and  sweep  circuitry  techniques,  video  ampli¬ 
fiers  and  displays,  X,  K,  and  A  Band  radars.  Sonar, 

A.S.W.  or  transducer  design. 

PACKAGING  ENGINEERS 
Mechanical  design  experience  with  strong  elec¬ 
tronics  background,  preferably  in  packaging 
radar  equipment. 

PROJECT  ENGINEERS 
Three  to  five  years’  experience  in  electro-mechani¬ 
cal  design  or  development  work.  Will  be  responsi¬ 
ble  for  project  coordination  and  administration 
from  initial  design  through  delivery  to  customer.  j 

OTHER  OPPORTUNITIES 

In  Engineering  Writing,  Electro-Mechanical  De-  ; 

sign.  Aerodynamics,  Optics,  Test  and  Calibration.  | 


NEW  YORK  CITY  INTERVIEWS 
DURING  I.R.E.  SHOW 
March  1 9  thru  March  24 
Call  Mr.  E.  B.  Kelly,  on  above  dates,  at 
PLaza  8-0063 


Or  send  resume,  in  confidence,  to  Mr.  E.  B.  Kelly 


ELECTRONICS  DIVISION,  DEPT.  ED-66 
CURTISS-WRIGHT  CORPORATION 
631  CENTRAL  AVE.  •  CARLSTADT,  N.  J. 


“Put  Yourself  in  the 
Other  Fellow’s  Place” 

TO  imstm 

TjJIW 

Letters  written  offering  Em¬ 
ployment  or  applying  for 
same  are  written  with  the 
hape  af  satisfying  a  current 
need.  An  answer,  regardless 
of  whether  it  is  favorable  ar 
not,  is  usually  expected. 

MR.  EMPLOYER,  wan't  yau 
remove  the  mystery  about 
the  status  of  an  emplayee's 
applicatian  by  acknowledg¬ 
ing  all  applicants  and  nat  just 
the  promising  candidates. 

MR.  EMPLOYEE  you,  too,  can 
help  by  acknowledging  appli¬ 
cations  and  jab  offers.  This 
would  encourage  mare  cam- 
panies  to  answer  positian 
wanted  ads  in  this  sectian. 

We  make  this  suggestion  in 
a  spirit  of  helpful  coopera¬ 
tion  between  employers  and 
employees. 

This  section  will  be  the  more 
useful  to  all  as  a  result  of 
this  consideration. 

Classified  Advertising  Division 

McGRAW-HILL 
PUBLISHING  CO..  INC. 

330  West  42nd  St. 

New  York  36,  N.  Y. 
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Professional 

Services 


ELECTRONIC  COMPONENT  ENGINEERS 

Eastern,  multi-plant  components  monuiactuier  offers  outstanding 
opportunity  for  experienced  engineers  to  participate  in  greatly  accel¬ 
erated  and  expanded  program  of  research  and  product  engineering 
of  the  following  components: 


ERCO  RADIO 
LABORATORIES,  INC. 

Rjiiio  Communications  Equipment 

Kntfioecrlng  •  Deiign  •  DeTelopasent  >  Produrfluo 
Our  SItb  Tf«r  in  Air  to  Ground 
ComaunlmtloD  and  Radio  Beacons 
Garden  City  •  Ltmg  laland  •  New  York 


TELECHROME  MFC.  CORP. 

Electronic  Design  Specialists 
COLOB  TELE>’I8ION  EQl'n>Ui:NT 
Firing  Spot  Scnnnen,  Color  SrnlbMlam,  Keren, 
Monitor*.  OMlIloMopet  end  Releted  Appirmtus 
Telemetering  for  Onlded  Mliillee. 

1.  B.  Popkln-CIurmen,  Free,  tl  Die.  »1  tne. 

28  Rtnirk  Dr.  AnitrTllle.  L.  I..  N.  T. 


FOR  milONAL  INFORMATION 
About  ClassiFied  Advertliinji 

Contact  The  McGraw-Hill 
Office  Nearest  You 

ATLANTA,  3 

1301  Rhodns-Hovnrty  Bldg.  Mckton  3-6951 
M.  MILLER 

BOSTON,  16 

330  Park  Square  HUbbard  2-7160 

M.  J.  HOSMER 

CHICAGO,  11 

520  Na.  Michigan  Ave.  AUOhawk  4-5800 
W.  HIGGENS 

CLEVELAND,  13 

1164  Illuminating  Bldg.  SUperior  1-7000 
W.  B.  SULLIVAN 

DALLAS,  2 

1712  Comnterce  St.,  Vaughn  Bldg. 

Riverside  7-51 17 

GORDON  JONES— r  E.  HOLLAND 
DENVER 

1700  Broadway — Tower  Bldg. 

Alpine  5-2981 

J.  PAHEN 

DETROIT,  26 

836  Penobscot  Bldg.  WOodward  2-1793 
J.  R.  PIERCE 

LOS  ANGELES,  17 

1125  W.  6th  St. 

HUnthy  2-5450 

R.  YOCOM 

NEW  YORK,  36 

500  Fifth  Ave.  Oxford  5-5959 

H.  T.  BUCHANAN— R.  P.  LAWLESS 
T.  W.  BENDER 

PHILADELPHIA,  3 

Six  Penn  Center  Plata  lOcust  8-4330 

H.  W.  BOZARTH 

ST.  LOUIS,  8 

3613  Olive  St.  JEfferton  5-4867 


SAN  FRANCISCO,  4 

68  Pott  St.  OOugfot  2-4600 

S.  HUBBARD 
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PuIm  Networks 
Hiqb  Voltaqe  Copociiort 
Radio  Noise  Fillers 
Plastic  Film  Copacitors 


Delay  Lines 
Wore  Bond  Filters 
AC-DC  Paper  Capacitors 
MeloUised  Copacitors 


and 

Component  Reliobilily 

Salary  offered  commensurate  with  experience  and  ability.  Excellent 
employee  benefits  including  profit  sharing.  Located  in  vacation  area, 
easy  access  to  cultiual  and  educational  centers.  Send  resume  direct 
to  principal  at  address  shown  below.  All  replies  confidential. 

P-3765,  Electronics,  Class.  Adv.  Div.,  P.  O.  Box  12,  N.  Y.  36,  N.  Y. 


DISENCHANTED 

ENGINEERS 

If  your  prvHrnt  rmployrr  ha«  failrd  to 


mit  UH  to  explore  the  parameters  for 
your  personal  quallfleatfons  with  the 
many  dynamic  youns  companies  In 
aviation,  electronics.  mNslles  and  rock¬ 
ets.  We  now  have  in  excess  of  4,000 
openings  In  the  $8,000  to  $40,000 
bracket,  all  of  which  are  fee  paid.  Why 
wait?  Kend  resume  In  duplicate  at  once 
Indicating  geographical  preferences  and 
salary  rminVrements. 

FIDELITY  PERSONNEL 
1530  Chatinut  Sirast,  Philodalphio  2,  Po. 

Exioblitkad  1943 


ELECTRONIC  ENGINEER 

Oganinf  In  irasring  concern  located  in  univeriity 
town  in  MHthwcal.  2  to  8  yaara  eiacricnco  in 
circuit  dreitn.  talamataring.  tranaiitar  circuitry, 
or  data  handling  reguirad.  Ploaaant  urorklng  and 
living  conditianc. 

DORSEn  LABORATORIES,  INC. 

P.  O,  Bax  $62  Norman,  Oklahoma 


ADlUtEiiH  BOX  XO.  REPLIES  TO:  Bne  So. 
i'hiHeijita  .4dr.  Dir.  of  Ikie  pohliratlon. 
Send  to  o/tire  nrurret  you. 

SEW  YORK  J«:  P.  O.  BOX  It 

vmc\<!0  It:  iio  S.  Hichhi'iH  .ire. 
.-iiS  FRtSCISCO  4;  68  Pott  St. 


POSITION  VACANT 

Electronics  aatgliiaar  required  cooperate  with 

phyaical  chemists  East  Coast  University  in 
design  and  construction  of  circuits  for  re¬ 
search.  Write  stating  qualifications,  experi¬ 
ence,  three  references.  P-3750,  Electronics. 


CONTACTS 


"HOW  TO  MAKE  MONEY 
Mobile  Radio  Mointenance” 


AMrtLtN  lABORAfORIIS  INC  Intfrwfavgwvfv  Dtv  BRADENTON 


cmai  460  ON  READER  SERVICE  CARD 


SEARCHLIGHT 

SECTION 

(CtoMifted  Ad*ertisi/ig) 
BUSINESS  OPPOBTUNiTitS 
EQUIPMENT  USED  or  RESALE 


DISPLAYED  RATE 

The  advertising  rate  Is  124.75  per  Inch  for 
all  advertising  appearing  on  other  than  a 
contract  basis.  Contract  ratea  quoted  on 
requeat.  AN  ADVERTISING  INCH  is 
measured  %  Inch  vertically  on  one 
column.  S  columns — 30  inches— to  a  page. 
EQUIPMENT  WANTED  or  FOR  SALE 
ADVERTUSEMENTS  acceptable  only  In 
Displayed  Style. 

UNDISPLAYEO  RATE 

12. fO  a  line,  minimum  3  lines.  To  figure 
advance  payment  count  5  average  words 
as  a  line. 

PRfO’OSALS.  32.40  a  line  an  Insertion. 
BOX  NUMBERS  count  as  one  line  addi¬ 
tional  in  undisplayed  ads. 

DISCOUNT  OF  lO'i  if  full  payment  la 
made  in  advance  for  four  consecutive  In¬ 
sertions  of  undiaplayed  ads  (not  Including 
proposals). 


MANAGEMENT  PERSONNEL 

with  limited  capital 

and/or  INNOVATIONS 

Succassfnl  vanlnras  raquir#  intardapaadaal 
spacialixatioa  under  modern  economic 
conditions. 

Profilabla  invastment  outlats  may  exist  in 
association  with  poopla  who  possoas  both 
provon  backgrounds  and  innovations. 
Wrlto  for  furtbor  ioformotion  fo 

BENHARD  ASSOCIATES 
0«gt.  EL 

1123  Wostom  Saving  Fund  Bldg. 

Philo.  7,  Po. 


CIRCLE  461  ON  READER  SERVICE  CARD 


PLATING  SPECIALISTS 
ELECTRONICS  INDUSTRY 

Gold,  Silvor,  Nickel,  Tin,  Cadmium  HATING 
lo  any  thickness. 

PALUMUO  BROS.,  INC. 

347  Ferry  Si.  Newark  S,  N.  J. 

MArkst  2.MM0  a  Est.  1(13 


CmaE  462  ON  READER  SERVKE  CARD 
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INDEX  TO  ADVERTISERS 


National  Poricipft  . 

•  Non>Unrar  Hyatema,  Inc, 
North  Electric  Co . 


•  Ace  ElectronlcH  AHftociateN,  Inc.,., 

Addo-X  Inc . 

.\lleKheiiy  Ludlum  8teel  Corp . 

•  .\tlaH  Precittlon  Products  Company 
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...HERE’S  WHY 
KIN  TEL’S  DIFFERENTIAL  DC 
AMPLIFIERS  FIT  IN 
INSTRUMENTATION  SYSTEMS 


1 80  db  DC,  1 30  db  60-cycle  common  mode  rejection  with  balanced 
or  unbalanced  input  •  Input  completely  isolated  from  output  • 
Input  and  output  differential  and  floating  •  5  microvolt  stability 
for  hundreds  of  hours  •  .05%  linearity,  0.1%  gain  stability  •  Gain 
of  10  to  1000  in  five  steps  •  >  5  megohms  input,  <  2  ohms  output 
impedance  •  100-cycle  bandwidth  •  Integral  power  supply 


These  are  just  a  few  of  the  many  outstanding  features  of  the 
Model  114A  differential  DC  amplifier... features  that  make  this 
amplifier  really  work  in  instrumentation  systems . . .  features  that 
will  help  solve  your  instrumentation  problems  today. 
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Ideal  for  thermocouple  amplification,  the  1 14A  eliminates  ground 
loop  problems;  allows  the  use  of  a  common  transducer  power  sup¬ 
ply;  permits  longer  cable  runs;  drives  grounded,  ungrounded  or 
balanced  loads;  can  be  used  inverting  or  non-inverting.  Price  $875. 


K/Af  TEL  114A 
dlff»r*ntl»l  DC  ampUfhra... 
con¥»nl*nt,  InterchangMbI*  plug-in 
mounting  In  otthor  6-mmpliflor 
19-Inch  rmck  mount  modulot  or 
singlo-ampllflor  cabinets. 


For  additional  information  and  technical  literature  on  this 
exceptional  instrument,  write  or  call  kin  TEL-the  world’s  largest 
manufacturer  of  precision,  chopper-stabilized  DC  instruments. 


K/N  TEL  manuftcfures  o/ecfronic  instruments  for 
measurement  and  control,  and  dosed  circuit  TV. 
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5725  Kearny  Villa  Road 
San  Diego  11,  Calif. 
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